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Tested  Scott  480A  Integrated  Amplifier 

In  This  Philips  AF877  Single-Play  Turntable 
Issue  Ohio  Scientific  Superboard  II  Computer 


Introducing  Electroscan.  A  quiet  CB  radio! 


We  finally  built  a  CB  so  complete,  there’s 
only  one  popular  feature  it  doesn’t  have. 

Radio  Hash.  You  know,  the  irritating  noise 
you  hear  every  time  your  squelch  is  wide  open. 

Because  Motorola’s  exclusive  VariCom® 
noise  elimination  system  combines  RF  and  IF 
gain  to  selectively  reduce  noise  on  the  channels. 
It  trims  away  radio  hash  for  cleaner  operation, 
especially  when  the  squelch  is  wide  open  and 
you’re  listening  really  hard. 

The  Electroscan’s  microprocessor  also  has 
the  convenient  programmable  memory  which 
allows  you  to  set,  in  the  sequence  you  desire, 
any  10  channels  you  enjoy  listening  to 
everyday. 

The  Electroscan  also  offers  a  scanner 


which  lets  you  search  quickly  for  either  an 
available,  open  channel  to  continue  your  con¬ 
versation  ...  or  the  nearest  occupied  channel 
to  locate  other  CB’ers. 

Besides  these  features,  Electroscan  also 
offers  the  Extender®1  noise  blanker  and  fully 
variable  noise  limiter.  Plus  variable  control/ 
dynamic  gain  microphone  that  adjusts  mic  gain 
over  a  20  db  range  to  make  your  voice  sound 
better. 

So  stop  in  today  at  a  Motorola*  Dealer  and 
take  a  look  at  the  Electroscan,  the  first  CB  that 
virtually  eliminates  radio  hash. 

MOTOROLA 

CB 


To  find  Line  dealer  nearest  you,  write:  Market  Relations  Manager,  Motorola.  Inc,,  Automotive  Products  Division,  1299  East  Algonquin  Road,  Schaumburg,  Illinois  60196. 

“ ,  Motorola,  VariCom,  and  Extender  are  registered  trademarks  of  Motorola  Inc. 
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Micro  TV 
Breakthrough 


's  new  program  will  save  consumers  millions. 


MISSING  ADAPTER 


Remember  the  $400  Sinclair  Micro  TV?  Here’s  the 
story  on  the  greatest  TV  value  ever. 


That  Sinclair  TV  shown  above  is  small-the 
smallest  TV  in  the  world. 

And  when  it  was  first  introduced  last  year,  it 
made  history.  So  did  its  high  price-$395. 

Our  company  never  sold  the  unit  for  two 
reasons:  1)  It  was  being  promoted  as  a  pocket 
TV  and  we  felt  it  would  not  fit  in  most  pockets 
and  2)  We  felt  $395  was  too  high  a  price  for  the 
unit  regardless  of  its  quality,  size  and  features. 

But  we  were  wrong.  Thousands  of  them 
were  sold  and  it  was  selected  as  one  of  the 
most  exciting  new  products  of  the  year. 

WE  BOUGHT  ONE 

A  few  months  ago  we  purchased  a  Sinclair 
TV  and  discovered  another  feature  we  didn’t 
like.  The  unit  included  a  220-volt  converter  for 
European  operation.  This  meant  that  every 
American  who  bought  the  set  had  to  pay  extra 
for  the  converter  even  though  very  few 
Americans  would  be  taking  theirTV  to  Europe. 

So  we  came  up  with  an  idea.  We  went  to 
England  and  purchased  thousands  of  sets 
directly  from  the  factory  without  the  converter. 
We  were  also  able  to  save  money  by  elimina¬ 
ting  the  normal  mark  ups  by  importers,  whole¬ 
salers  and  distributors. 

We  can  now  offer  you  the  unit  for  only 
$249.95  and  if  you  want  the  220-volt  converter, 
your  cost  is  only  $1 9.95  extra. 

LESS  THAN  WHOLESALE 

JS&A  would  be  offering  the  exact  same 
Sinclair  TV  at  a  price  less  than  Sinclair’s  actual 
wholesale  price  in  the  United  States  and  we 
would  still  make  enough  profit  to  pay  for  the 
cost  of  this  advertisement. 

There  is  one  feature  we  liked  very  much 
about  the  set.  Its  rechargeable  batteries  are 
built  into  the  unit.  Larger  portable  TV’s  offer 
$60  optional  rechargeable  battery  packs  that 
must  be  purchased  separately.  Ours  is  built  in 
and  included  in  the  price. 

The  Sinclair  TV  comes  complete  with  an 
American  AC  adapter  and  charger,  ear 
phones,  carrying  case,  rechargeable  batteries 
and  a  built-in  antenna  for  both  VHF  and  UHF.  It 


also  comes  with  a  cigarette  lighter  power 
converter,  so  you  can  watch  all  your  favorite 
TV  channels  from  your  boat,  plane,  motor 
home  or  car  without  even  using  your  batteries. 

PHOTOGRAPHIC  QUALITY 

We  were  well  aware  of  Sinclair’s  advanced 
electronics  and  quality  features.  But  what  we 
found  particularly  exciting  was  its  picture  tube. 
Even  though  the  2”  (measured  diagonally) 
tube  is  small,  the  TV’s  resolution  resembles 
that  of  a  clear  sharp  photograph.  You  can  even 
read  small  telephone  numbers  when  they’re 
flashed  on  the  screen. 


The  Sinclair  unit  is  offered  in  this  advertise¬ 
ment  with  the  same  accessories  available  in 
the  $395  system  with  the  exception  of  the 
220-  volt  power  converter. 

The  Sinclair  is  also  convenient.  You  can 
take  it  on  trips  and  entertain  your  children 
while  you  fly  or  drive.  You  can  keep  it  on  your 
desk  at  work  and  monitor  the  latest  news  or 
stock  market  reports.  And  you  can  view  the 
soap  operas  as  you  work  around  the  house. 
We  even  took  ours  to  the  ball  game  to  watch 
those  instant  replays. 

BIG  POCKETS 

But  don’t  expect  to  carry  it  in  your  pocket-it 
won’t  fit  unless  you  have  big  pockets.  The  unit 
measures  1%”  x  4”  x  6V4”  and  weighs  just  28 
ounces  which  includes  the  built-in  batteries. 


The  TV  is  serviced  in  the  United  States  by 
Sinclair’s  service-by-mail  facility.  If  service  is 
ever  required  during  its  one-year  limited  war¬ 
ranty,  just  slip  it  in  its  handy  mailer  and  send  it 
to  them  for  repair.  Your  solid-state  unit  should 
operate  for  years  without  a  problem,  but  if  it 
ever  needs  repair,  it’s  good  to  know  that  ser¬ 
vice  is  an  important  part  of  our  program. 

For  $249.95,  the  Sinclair  Micro  TV  is  worth 
your  test.  Order  one  from  JS&A.  Take  it  with 
you  on  a  trip,  bring  it  to  your  office,  or  carry  it 
with  you  around  the  house.  See  how  clear  and 
sharp  the  picture  is  and  how  closely  it  resem¬ 
bles  a  black  and  white  photograph.  Then 
decide  if  you  want  to  keep  it.  If  not,  no  problem. 
Simply  return  your  TV  within  30  days  for  a 
prompt  and  courteous  refund.  We  just  want 
you  to  prove  to  yourself,  the  miracle  of  space- 
age  electronics  before  you  decide. 

AMERICA’S  LARGEST 

Sinclair  Radionics  is  one  of  England’s 
largest  electronics  manufacturers  and  JS&A  is 
America’s  largest  single  source  of  space-age 
products -further  assurance  that  your  modest 
investment  is  well  protected  even  though  the 
unit  is  offered  at  such  a  bargain  price. 

To  order  your  Sinclair  Micro  TV,  simply  send 
your  check  for  $249.95  plus  $3.00  postage 
and  handling  (Illinois  residents,  please  add  5% 
sales  tax)  to  the  address  shown  below  or  credit 
card  buyers  may  call  our  toll-free  number 
below.  But  please  act  quickly. 

The  Sinclair  TV  is  an  outstanding  product 
that  was  priced  too  high.  If  you  felt  like  we  did 
and  you  waited,  your  timing  is  perfect.  Order  a 
Sinclair  Micro  TV  at  no  obligation,  today. 


PRODUCTS 
.THAT 
THINK® 


Dept.  PE  One  JS&A  Plaza 
Northbrook,  III.  60062  (312)  564-7000 

Call  TOLL-FREE  . 800  323-6400 

In  Illinois  Call . (312)  564-7000 
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We’ve  cut  your  final  cost  on  Bearcat®  scanners  up  to  $150! 

Bearcat®  Alert™ 


Communications  Electronics™  celebrates 
the  introduction  of  three  new  Bearcat  scanners  with 
special  cash  rebates  of  up  to  $20.00  on  all  Bearcat 
brand  monitors.  During  February  and  March,  1 979, 
when  you  purchase  your  Bearcat  scanner  from  any 
Communications  Electronicsr  Scanner  Dis¬ 
tribution  Centerr  you  will  get  a  special  rebate 
coupon  and  a  proof  of  purchase  invoice  that  entitles 
you  to  a  portion  of  the  biggest  scanner  rebate  in  our 
history.  In  addition,  prices  have  been  drastically  cut 
during  our  special  sale  to  make  your  final  price  the 
lowest  ever.  Checkout  the  super  features  of  Bearcat 
scanners  and  select  the  models  that  are  right  for 
you  at  work,  home  or  in  your  car. 

Bearcat®  250 

List  price  $399  95/CE  price  $269.00/$20  Rebate 
Your  final  cost  Is  a  low  $249.00 
50  Channels  •  Crysta/fess  •  Searches  •  Stores 
Recalls  •  Self-Destruct  •  Priority  channel 

The  Bearcat  250  performs  any  scanning  function  you 
could  possibly  want.  With  push  button  ease  you 
program  50  channels  (five  banks  of  ten  channels  each). 
Push  another  button  and  search  for  new  frequencies. 
There  are  no  crystals  to  limit  what  you  want  to  hear.  A 
special  search  feature  of  the  Bearcat  250  actually  stores 
64  frequencies,  and  recalls  them,  one  at  a  time,  at  your 
convenience.  Automatic  “count"  remembers  how  often 
frequencies  are  activated  by  transmission-so  you  know 
where  the  action  is.  Decimal  display  shows  the  channel, 
frequency  and  other  programmed  features.  The  priority 
feature  samples  your  programmed  frequency  every  two 
seconds.  Plus,  a  digital  clock  shows  the  time  at  the  touch 
of  a  button.  This  is  the  only  monitor  radio  that  has 
received  the  Communications  Electronics  quality 
control  approval  rating  *1.  Our  highest  quality  grade 
for  technologically  sophisticated  equipment.  The 
Bearcat  250.  Scanning  like  you’ve  never  seen  or  heard 
before.  In  stock  for  immediate  shipment! 

New  Bearcat®  220 

Available  April  -  May,  1979.  Order  before  March 
31,  1979  to  qualify  for  $20.00  CE  direct  rebate. 
List  price  $379.95/CE  price  $299.00/$20  Rebate  t 
Your  final  cost  is  a  low  $279.00 
Aircraft  and  public  service  monitor 
We  have  received  thousands  of  requests  to  have  a 
scanner  capable  of  monitoring  the  aircraft  frequencies. 
The  Bearcat  220  is  one  scanner  which  edn  monitor  all 
public  service  bands  plus  the  exciting  aircraft  band 
channels.  In  fact,  the  Bearcat  220  covers  seven  bands. 
Low  and  High  VHF,  UHF,  UHF-Government,  UHF-T, 
2-meter  and  %  meter  amateur  and  Aircraft.  Up  to 
twenty  frequencies  may  be  scanned  at  once.  Or  fre¬ 
quencies  can  be  arranged  into  two  banks  of  ten 
frequencies  each,  allowing  the  listener  to  choose  the 
bank  of  most  interest. 

Not  only  does  this  new  scanner  feature  normal  search 
operation,  where  frequency  limits  are  set  and  the 
scanner  searches  between  your  programmed  parame¬ 
ters,  It  also  searches  all  marine  or  aircraft  frequencies  by 
pressing  a  single  button.  These  frequencies  are  already 
stored  in  memory  so  no  reprogrammi  ng  is  required.  The 
frequency  Reception  Range  is  32-50,  118-136,  144- 
1 74  and  420-5 1 2  MHz.  The  Bearcat  220  also  features 
a  Priority  channel.  Dual  scanning  speeds,  Patented 
track  tuning  and  Direct  channel  access. 

New  Bearcat®  211 

Available  March,  1979 

List  price  $329.95/CE  price  $239.00/$20  Rebate 
Your  final  cost  is  a  low  $219.00 

The  Bearcat  211.  It’s  an  evolutionary  explosion  of  features 
and  function.  More  channels  than  the  Bearcat  210.  Added 
scan  control.  Pius,  a  full  complement  of  state-of-the-art 
innovations  that  increase  scanning  capabilities— and  quick¬ 
en  the  excitement. 

18-channel  monitoring.  With  no-crystal  six-band  cover¬ 
age.  Dual  scan  speeds.  Color-coded  keyboard.  Even  a  digital 
clock  All  at  a  modest  price.  Take  a  look.  Here’s  more 
scanning  excitement  than  you  bargained  for. 

Frequency  reception  range:  32-50,  146-174,  420-512 
MHz.  Sensitivity:  0.4  microvolts.  All  accessories  included! 


NEW!  18-channel  Bearcat®  211 


NEW!  Aircraft  monitor  Bearcat^  220 

Now  Bearcat®  210 

List  price  $299. 95/CE  price  $219.00/$20  Rebate 
Your  final  cost  is  a  low  $199.00 
10  Channels  •  5  Bands  •  Crysto/less 
Improved  reliability  and  performance 

Use  the  simple  keyboard  to  select  the  10  channels  to  be 
scanned.  Band  coverage  includes  Low,  High,  UHF,  UHF-T,  2 
and  Vn  meter  Ham-and  other  government  law  enforcement 
UHF  frequencies.  Automatic  search  finds  new  frequencies. 
Decimal  display  shows  the  channel  and  frequency  being 
monitored.  The  210  features  patented  selectable  scan  delay, 
push  button  lockout,  single  antenna,  patented  track  tuning, 
AC/DC  operation.  With  no  crystals  to  buy.  Ever! 

Bearcat®  12 

List  price  $179. 95/CE  price  $126.00/$15  Rebate 

Your  final  cost  is  a  low  $111.00 

The  /(nest  crystal  scanner  ever  offered. 

More  features,  more  channels,  more  action.  The  Bearcat  12 
monitors  10  channels  over  five  bands  (Low  and  High  VHF. 
UHF,  UHF-T,  and  2-meter  Ham).  Scan  delay  lets  you  listen 
to  both  sides  of  a  two-way,  same-frequency  conversation. 
Variable  scan  rate  puts  you  in  control  of  the  scan  speed. 
Other  features  include  automatic  squelch,  individual  lock¬ 
out.  and  more.  The  Bearcat  12  has  more  of  what  you’re 
scanning  for. 

Bearcat®  8 

List  price  $159  95/CE  price  $112.00/$10  Rebate 
Your  final  cost  Is  a  low  $102.00 
8  Channels  •  5  Bonds  •  Handsome  wood  case 

Bearcat®  6 

List  price  $119.95/CE  price  $84.00/$5  Rebate 
Your  final  cost  is  a  low  $79.00 
6  Channels  of  Exciting  Low  or  High  VHF  action. 

Bearcat®  3  (One  band) 

Ust  price  $119. 95/CE  price  »84.00/$7. 50  Rebate 
Your  final  cost  is  a  low  $76.50 
The  " selectable ”  scanning  radio. 

Bearcat®  Four-Six 

List  price  $169.95/CE  price  $119.00/$10  Rebate 

Your  final  cost  is  a  low  $109.00 

The  first  4  Band,  6  Channel,  Hand-Held  Scanner. 

The  Bearcat  Four-Six  offers  “hip  pocket”  access  to 
police,  fire,  weather  and  special  interest  public  service 
broadcasts.  It  receives  Low,  High,  UHF,  and  UHF-T 
bands.  Lightweight,  Extremely  compact.  The  Bearcat 
Four-Six— with  its  popular“rubber  ducky”  antenna  and 
belt  clip—  provides  “go  anywhere/hands-off  ’  scanning. 
When  it  comes  to  scanning  “to  go,”  Bearcat  has  It. 

Bearcat®  Hand-Held 

List  price  $129. 95/CE  price  $91.00/$5  Rebate 
Your  final  cost  is  a  low  $86.00 

NEW  Ultra  Small 
Bearcat®  ThinScan™ 

Available  March  -  April,  1979  Order  before 
3/31/79,to  qualify  for  $10.00  CE  direct  rebate. 

List  price  $149. 95/CE  price  $119.00/$10  Rebatef 
Your  final  cost  is  a  low  $109.00 
World’s  smallest  scannerl 
The  Bearcat  ThinScan!"  High-performance 
scanning  has  never  been  this  portable.  It  goes 
anywhere.  ThinScan'"  slips  easily  into  a  shirt 
pocket.  Hands-off  convenience— within  easy 
reach.  Slim,  trim.  But  with  the  professional 
capabilities  you  expect  from  a  Bearcat. 

Go  ahead,  size  It  up.  Bearcat's  ThinScan” 
measures  2%  "  across.  Just  1"  deep.  And 
5%”  high.  Ideal  for  law  enforcement  agents 
to  covertly  receive  transmissions  from  “body 
mikes”.  Four  crystal-controlled  channels  are 
scanned  every  Yi  second  providing  immed¬ 
iate  access  to  police,  fire,  weather  and  other  special- interest 
broadcasts  on  High  and  Low  VHF  bands.  With  light-emitting 
diodes  indicating  the  channels  being  monitored.  And 
individual  lock-out  switches  for  by-passing  any  channel  not 
of  current  interest.  Frequency  reception  range:  33-44,  152- 
164  MHz.  Weight:  10  ounces.  Sensitivity:  1  Microvolt. 
Selectivity:  — 45dB  @  25  KHz. 

The  Bearcat  ThinScan”  The  professional  portable.  The 
small  high-performance  scanner  anywhere.  Size  it  up  It 
won’t  let  you  down. 


Warning  Radio 

List  price  $79. 95/CE  price  $64.00/$5  Rebatet 

Your  final  cost  Is  a  low  $59.00 

Early  warning  for  the  1979  tornado  season ! 

t  Rebates  on  these  units  are  offered  directly 
from  Communications  Electronicsr 

TEST  A  BEARCAT  SCANNER  FREE 

Test  any  Bearcat  brand  scanner  from  Communications 
Electronics”  for  3 1  days  before  you  decide  to  keep  it.  If  you 
do,  you’ll  own  the  most  sophisticated  and  technologically 
advanced  scanner  available.  If  for  any  reason  you  are  not 
completely  satisfied,  return  it  in  new  condition  with  all 
accessories  in  31  days,  for  a  courteous  and  prompt  refund 
(less  shipping  charges  and  rebate  credits). 

NATIONAL  SERVICE 

With  your  Bearcat  scanner,  we  will  send  all  accessories,  a 
complete  set  of  simple  operating  instructions  and  a  one-year 
limited  warranty.  If  service  is  ever  requited  on  any  Bearcat 
scanner  purchased  from  Communications  Electronics,” 
just  send  your  receiver  to  one  of  our  approved  national 
service  centers.  When  you  purchase  your  scanner  from  CE, 
you’re  buying  from  the  world’s  leader  in  no-crystal  high 
technology  scanners.  We’ve  sold  more  synthesized 
scanners  than  any  other  company. 

MADE  BY  ELECTRA 
QUALITY  CHECKED  BY  CE 

Since  all  Bearcat  scanners  sold  by  Communications 
Electronics”  are  products  of  Electra  Company,  a  Division 
of  Masco  Corporation  of  Indiana,  you  can  be  assured  of  the 
finest  monitor  radios  available  in  the  world.  In  addition,  our 
Quality  Control  Department  further  audits  the  quality  of 
every  Bearcat  model  sold  by  us  to  insure  the  high  reliability 
inherent  in  Bearcat  scanners. 

THE  SMALL  PRINT 

AH  sales  are  subject  to  availability.  Prices  and  specifications  are 
subject  to  change  without  notice.  This  special  rebate  offer  on  all 
Bearcat  brand  scanners  is  good  only  when  purchased  from  Com¬ 
munications  Electronics!"  Scanner  Distribution  Center”  be¬ 
tween  February  1  and  March  31,  1979.  Communications 
Electronics”  Proof  or  Purchase  Invoice  and  special  rebate 
coupon  (enclosed  with  your  order)  must  be  postmarked  by  April 
15.  1979.  Rebates  on  Bearcat  scanner  models  220,  ThinScan” 
and  Alert”  Warning  Radio  will  be  processed  exclusively  by 
Communications  Electronics.”  Offer  good  in  USA.  Inter¬ 
national  shipments  are  welcome  without  rebate  offer.  Void  where 
taxed  or  prohibited  by  law.  Offer  limited  to  one  rebate  per  scanner. 
If  returned  for  credit  during  our  31  day  free  trial,  rebate  and 
shipping  costs  will  be  deducted  from  refund,  Resellers,  compa¬ 
nies,  clubs  and  organizations  (profit  and  non-profit)  are  not 
eligible  for  rebates.  Allow4-6  weeks  after  rebate  request  (or  check. 

BUY  WITH  CONFIDENCE 

All  Bearcat  scanners  are  extraordinary  scanning  instru¬ 
ments.  They  provide  virtually  any  scanning  function  that  the 
most  professional  monitor  could  require.  To  get  the  fastest 
delivery  of  any  Bearcat  scanner,  send  or  phone  your  order 
directly  to  our  Scanner  Distribution  Center!"  Be  sure  to 
calculate  your  price  using  the  CE  prices  in  this  ad.  Your 
rebate  will  be  returned  separately  from  your  order.  Michigan 
residents  please  add  4%  sales  tax.  Crystal  certificates  are 
available  for  $5.00  each.  These  certificates  allow  you  to 
order  crystals  directly  from  the  manufacturer.  Base  or 
mobile  antennas  specifically  designed  for  all  Bearcat 
scanners  are  $25.00  each  postpaid.  Mail  orders  to:  Com¬ 
munications  Electronics,”  Box  1002,  Ann  Arbor,  Michi¬ 
gan  48106  U.S.A.  Add  $5.00  per  scanner  for  U.P.S.  U.S. 
ground  shipping  or  $9.00  for  even  faster  U.P.S.  air  shipping. 
If  you  have  a  MasterCharge  or  Visa  card  you  may  call  and 
ordertoll  free  800-52 1-4414  to  place  a  credit  card  order.  If 
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That's  you!  A  person  with  a  consuming  interest  in  the  science  of  electronics, 
based  on  a  new  comprehensive  study  of  Popular  Electronics  subscribers. 

It  means  that  you’re  not  simply  a  reader  who  is  content  to  sit  back  and  casually 
watch  the  electronics  world  go  by.  You're  in  the  forefront  of  the  consumer  electron¬ 
ics  revolution  that  has  taken  place  in  recent  years,  combining  a  desire  to  know 
about  and  to  experience  electronic  developments.  As  a  consequence,  you’ve  put 
your  mind,  time  and  money  where  your  interests  lie. 

If  you're  a  typical  PE  subscriber,  you're  a  32-year-old  male  who  attended  college 
(some  16%  of  you  have  done  postgraduate  study).  Moreover,  six  out  of  ten  sub¬ 
scribers  are  employed  in  electronics  or  a  related  field.  And  the  same  six-out-of-ten 
ratio  holds  true  for  work  in  a  managerial  or  professional  capacity. 
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You're  involved  in  virtually  every  aspect  of  consumer  electronics  at  one  time  or 
another,  our  study  reveals,  crossing  over  from  audio  and  tape  recording  to  mi¬ 
crocomputers  to  experimentation  to  communications  as  you  see  fit.  Ninety  percent 
of  you  have  participated  in  electronics  experimentation  and/or  kit  building  at  some 
time  in  your  electronics  Jives,  while  86%  have  been  involved  with  audio  and/or 
tape  recording,  75%  in  communications,  and  41%  in  microcomputers. 
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An  aggressive  interest  in  electronics  doesn't  come  cheap,  we  know.  Subscriber 
involvement  in  electronics  activities  (excluding  color  TV,  VCRf  and  projection  TV) 
is  backed  up  by  their  ownership  of  equipment  typically  valued  at  $2,950.  Interest¬ 
ingly,  three  out  of  four  subscribers  purchased  some  type  of  electronic  gear  in  the 
past  1 2  months,  spending  on  the  average  $670.  Forty-eight  percent  spent  a  whop¬ 
ping  $473  on  audio  equipment  alone,  (The  average  amount  spent  by  1 1%  last  year 
for  microcomputers f  incidentally,  was  $909.)  Extrapolate  this  figure  for  our  full  paid 
circulation  (4 15,000)  and  we  re  talking  about  some  40-million  dollars  spent  on 
computers  and  peripherals. 

What's  past  is  prologue  to  the  coming  year,  of  course.  Here,  our  study  indicates 
that  49.1%  plan  to  purchase  audio  equipment,  26.8%  microcomputer  equipment, 
25%  communications  equipment,  and  43,3%  test  equipment  And  this  doesn't  in¬ 
clude  educational  courses  and  books,  tools,  record  albums,  raw  tape,  el  al! 
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So  clearly,  your  commitment  to  electronics  is  very  much  evident  We  intend  to 
continue  to  whet  your  appetites  for  this  exciting  field  by  introducing  some  mind- 
boggling  electronics  information  that  we  have  in  the  works,  one  of  which  is  in  the 
video  area.  Watch  for  it 


4 


POPULAR  ELECTRONICS 


Here  it  is  at  last...  FIRST 

FLOPPY  DISK  BASED  COMPUTER 

FOR  UNDER  s1000 


The  C1PMF 

*995 

■  Complete  mini-floppy  computer  system 


■  10K  ROM  and  12K  RAM 

■  Instant  program  and  data  retrieval 

The  Challenger  1 P  Mini-disk  system  features 
Ohio  Scientific’s  ultra-fast  BASIC-in-ROM,  full 
graphics  display  capability  and  a  large  library 
of  instant  loading  personal  applications  soft¬ 
ware  on  mini-floppies  including  programs  for 
entertainment,  education,  personal  finance, 
small  business  and  now  home  control! 


The  Cl  P  MF  configuration  is  very  powerful. 
However,  to  meet  your  growth  needs  it  can  be 
directly  expanded  to  32K  static  RAM  and  a  sec¬ 
ond  floppy  by  simply  plugging  these  options  in.  It 
also  suports  a  printer,  modem,  real  time  clock 
and  AC  remote  interface  as  well  as  the  OS-65D 
V3.0  development  oriented  operating  system. 


Or  Start  with  the  Cl  P 
CASSETTE  BASED 
Computer  for  just  $349. 

The  cassette  based  Challenger  1 P  offers  the 
same  great  features  of  the  mini-disk  system 
including  a  large  software  library  except  it  has 
4K  RAM  and  conservative  program  retrieval 
time.  Once  familiar  with  personal  computers, 
you’ll  be  anxious  to  expand  your  system  to  the 
more  powerful  Cl  P  MF. 

You  can  move  up  to  mini-disk  performance  at 
any  time  by  adding  more  memory  and  the  disk 
drive.  Contact  your  local  Ohio  Scientific  dealer 
or  the  factory  today. 

*Both  systems  require  a  video  monitor,  modified  TV  or  RF 
converter  and  home  television  for  operation.  Ohio  Scientific 
offers  the  AC-3  combination  1 2"  black  and  white  TV/monitor 
for  use  with  either  system  at  $1 15.00  retail. 

All  prices,  suggested  retail. 


1333  S.  CHILLICOTHE  RD.,  AURORA,  OHIO  44202  (216)  562-3101 
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Letters 


Elf  p,C  KIT  SUPPLIERS 

I  would  like  to  build  your  “Elf  Microcomput¬ 
er”  (August  1976)  for  use  in  a  science-fair 
project.  I  am  interested,  therefore,  in  obtain¬ 
ing  the  basic  Elf  in  kit  form  and  would  ap¬ 
preciate  it  if  you  could  give  the  names  and 
addresses  of  a  few  companies  from  which  it 
can  be  obtained.  — Gregory  Valvo,  Pitts¬ 
burgh,  PA. 

Two  major  Elf  kit  suppliers  are:  Netronics 
R&D  Ltd.  (333  Litchfield  Rd.,  New  Milford,  CT 
06776 ;  tel.  203-354-9375)  and  Quest  Elec¬ 
tronics  (P.O.  Box  4430C,  Santa  Clara,  CA 
95054;  tel.  408-988-1640). 

MISSING  DX  COLUMN 

Where  is  your  DX  Listening  column  in  the 
January  1979  issue?  I  flipped  through  the 
pages  of  Popular  Electronics  to  page  85, 
where  it  was  supposed  to  be  according  to  the 


Table  of  Contents,  and  all  I  found  was  an  ad. 
— Mike  Stadler,  Clifton  Springs,  NY. 

Sorry,  but  a  last-minute  press  change  forced 
us  to  omit  the  column  in  our  January  issue 
and  place  it  in  the  February  issue  instead. 
The  Table  of  Contents  was  already  on  press, 
so  we  had  no  time  to  change  it.  We  regret  any 
inconvenience  this  may  have  caused . 

AUTO  CHARGE  ANALYZER 

The  device  presented  in  “Trouble  Shooting 
for  Automotive  Electronic  Systems”  (January 
1979)  resembles  a  portion  of  our  patented 
(No.  4,086,531)  Charging  System  Analyzer. 
Mr.  Caristi's  circuit  is  not  a  complete  charging 
system  analyzer.  In  effect,  it  is  a  programmed 
LED  voltmeter.  Your  readers  should  be  in¬ 
formed  that  an  accurate  analysis  of  the  sys¬ 
tem  requires  more  data  than  just  voltage. 

We  suggest  that  you  remind  your  readers 
that  circuits  published  in  Popular  Elec¬ 
tronics  are  for  their  personal  use  only.  Any 
commercial  (for  sale)  application  should  be 
thoroughly  checked  for  possible  patent  in¬ 
fringement.  — Larry  Graham,  Marketing  Man¬ 
ager,  Compunetics,  Inc.,  Troy,  Ml. 

AID  FOR  HANDICAPPED 

Being  blind  and  physically  handicapped  as 
well,  I  find  it  difficult  to  pursue  my  interest  in 
electronics  as  a  hobby.  I  would  appreciate 
hearing  from  any  of  your  readers  who  might 
have  information  on  aids  (tapes,  records, 


etc.,)  pertaining  to  electronics  for  those  with 
my  handicaps.  A  pen  pal  would  also  be  wel¬ 
come.  Thanks.  — Richard  Jastro,  10618  Ar- 
leta  Ave.,  Michigan  Hills,  CA  91345. 


Out  of  Tune 


In  "Build  a  Disco  Preamp/Mixer”  (Septem¬ 
ber  1978),  pin  11  of  IC6,  Fig.  6,  should  be 
connected  to  -15  V,  not  -1-15  V  as  shown. 
The  foil  pattern  is  correct. 

In  “Experimenter’s  Corner”  (December 
1978),  pin  4  of  the  74193  programmable 
counter  in  Fig.  7  should  not  be  grounded,  but 
either  left  uncommitted  or  tied  to  +5  volts.  Pin 
14  of  the  counter  should  be  grounded.  In  the 
“Project  of  the  Month,”  the  bus  at  the  bottom 
of  the  schematic  connected  to  pin  8  of  the 
74193,  etc.,  is  a  ground  bus.  In  the  same  dia¬ 
gram,  resistors  R5  through  R12  should  be 
1000  ohms  each.  The  sixth  line  of  the  para¬ 
graph  beginning  with,  “Test  the  circuit  by 
loading  .  .  .”  should  say,  .  .  switch  SI  A 
from  load  to  ready  .  . 


ORDER 


MIMIC  is  available  in  unassembled  KIT  form. 
Send  check  or  money  order  for  $50jOO  to; 


Real  Time  Intelligence  Corp. 

P.O.  Box  9562,  Rochester,  New  York  14604 

Mass,  residents  please  add  5%  Sates  Tax.  New  York  residents  please  add  7%  Sales  Tax. 

Allow  4-6  weeks  for  delivery 
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IDEAL  FOR  THE 
BEGINNER,  HOBBYIST, 
student,  AND 
ENGINEER 


COMPLETELY  SELF-CONTAINED 
NEEDS  ONLY  A  6V  BATTERY 
FOR  FULL  OPERATION 

FULLY  DOCUMENTED 

(SAMPLE  PHOGRAMS  INCLUDED) 

128  X  8  ONBOARD  RAM  SUPPLIED 


57  INSTRUCTIONS,  PLUS: 

STOP  AND  WRITE  TO  DISPLAY 
MANUAL.  ELECTRICAL  & 
SOFTWARE  INTERRUPTS 


BOS  ACCESSIBLE  FOR 
PERIPHERAL  DEVICES 


When  it  comes  to  signal  sources,  high  precision  and 
versatility  don’t  have  to  mean  high  price.  Proof?  Our  new 
function  and  pulse  generators! 

MODEL  2001  SWEEPABLE  FUNCTION  GENERATOR. 

A  wide-range  1  Hz- 100  KHz  source  for  stable, 
low-distortion  sine  waves;  fast  rise/fall-time  square 
waves;  high-linearity  triangle  waves ...  as  well  as  a  TTL 
square-wave  output. 

The  2001’s  voltage-controlled  oscillator  lets  you 
remotely  shift  the  generator’s  frequency  by  applying  a  DC 
voltage,  or  using  an  AC  voltage  to  sweep  its  output  over  a 
100:1  range.  A  pushbutton-selectable  DC  offset,  allows 
you  to  shift  output  waveform  centers  above  or  below 
baseline  at  will.  With  its  five  overlapping  ranges,  high- 
and  low-level  outputs,  Model  2001  is  a  remarkable  value 
for  professionals  and  hobbyists  at  $124.95* 

MODEL  4001  ADVANCED  PULSE  GENERATOR. 

If  we  tried  to  list  all  the  4001’s  advantages,  we’d 
run  out  of  space  before  running  out  of  features ...  so 


here  are  the  highlights:  Model  4001  is  a  precision 
digital  pulse  generator  with  fast  rise  and  fall  times 
covering  0.5  Hz— 5  MHz  in  5  overlapping  ranges.  Pulse 
width  and  spacing  are  independently  variable, 

100  nsec— 1  sec. 

Whatever  type  of  testing  you  have  in  mind,  the 
4001  has  a  mode  to  match.  Continuous.  One-shot. 

Trigger.  Gate.  Even  a  compliment  mode  to  instantly  invert 
the  generator’s  main  outputs.  And  there's  much  more, 
including  external  triggering;  square-wave,  fixed  TTL  and 
variable  outputs ...  to  name  but  a  few.  The  more  digital 
work  you  do,  the  more  you  need  our  4001.  At  $149.95*,  it’s 
very  easy  to  afford. 

WHY  SETTLE  FOR  LESS? 

Get  the  signal  generators  you’ve  been  looking  for. 
At  the  price  you’ve  been  waiting  for. 

NEED  MORE  INFORMATION?  CALL  203-624-3103 
to  order,  or  for  the  name  of  your  local  distributor. 
Prices  slightly  higher  outside  USA. 

'Manufacturer's  suggested  list. 
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351  California  St.,  San  Francisco,  CA  94104 
(415)  421-8872,  TWX  910-372-7992 
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Europe,  Africa,  Mid-East:  CSC  UK  LTD. 

Shire  Hill  Industrial  Estate,  Units  1  and  2 
Saffron  Walden,  Essex  CB  11  3AQ 
Telephone  Number:  SAFFRON  WALDEN  21682 
TLX  817477 
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New  Products 

AdditUnud  information  on  new  prod  mix 
covered  m  t/m  section  is  available  from  the 
t na 1 1 itf i a cf a rers .  Either  < 1  ire le  t h e  i t em  ’s  i de 
number  on  the  Free  Information  Card 
or  HTffi'  fo  the  manufacturer  at  the 
address  given. 


Sparkomatic  In-Dash 
AM/FM  Stereo 
Receiver/Cassette 
Player 


The  Sparkomatic  in-dash  Model  SR  3400 
is  a  high -power  AM/FM  stereo  receiver 
with  built-in  cassette  player  and  digital 


clock.  It  is  rated  to  deliver  40  watts  at  1% 
(rms)  THD  Controls  include:  separate  var^ 
table  bass  and  treble  controls;  separate 
balance  and  tader  controls;  locai /distance 
selector;  elapsed-time  and  reset  controls; 
loudness,  muting,  and  high  filter  switches; 
and  AM/FM  selector  Other  features  in¬ 
clude  a  four-digit  frequency  and  time  nu¬ 
meric  display;  LED  stereo  indicator;  and 
locking  fast-forward  and  rewind  buttons 
FM  sensitivity  is  rated  at  1  p.V  in  mono  and 
2  m-V  in  stereo,  both  for  30  dB  S/N.  while 
AM  sensitivity  is  10  p.V  for  20  dB  S/N 
Stereo  separation  at  1000  Hz  is  rated  at  35 
dB,  i-f  refection  at  75  dB.  and  image  rejec¬ 
tion  at  55  dB.  Cassette  wow  and  flutter  is 
rated  at  0.3%  and  S/N  al  40  dB. 
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of  the  Converter's  range  switch.  The  upper 
range,  limited  by  the  leakage  of  the  capaci¬ 
tor  under  test,  can  extend  well  beyond 
10,000  nF,  for  tow-leakage  components. 
The  unit  measures  only  the  capacitor's  dis¬ 
charge  time,  which  also  takes  the  capac- 
tor  s  leakage  into  consideration.  Each  of 
the  two  ranges  has  a  separate  calibration 
control;  there  is  also  a  ihzeroM  control  to 
cancel  any  stray  capacitances.  Accuracy  is 
rated  by  the  manufacturer  at  better  than 
1%  with  a  high-quality  counter/timer.  The 
DCC  is  powered  by  a  9-volt  transistor  bat¬ 
tery.  and  operates  accurately  down  to  as 
low  as  5  volts  Made  by  International  In¬ 
strumentation  Inc.  $40 
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Series  20 

Integrated  Amplifier 

The  A-27  amplifier  from  Series  20  switches 
automatically  between  Class  A  operation 
at  power  levels  of  3  watts  or  less  and  the 
more  efficient  Oass  B  mode  for  up  to  1 20 
watts  continuous  power  (measured  into  0 
ohms,  from  5-30,000  Hz*  with  0,015%  THD 
or  less;  4-ohm  power,  1B0  watts  at  0.03% 


THD)  Other  unusual  features  include  a 
phono  equalizer  section  with  FET  input 
stages,  front-panel  carl  ridge  load  re¬ 
sistance  and  capacitance  selectors,  main 
and  sub  controls  for  both  bass  and  treble, 
and  adjustable  subsonic  filter  (6  or  12  dB/ 
octave  below  15  Hz),  and  moving-coil  as 
well  as  moving-magnet  cartridge  inputs. 
$1250, 
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ripheral  components  (printer  and  floppy- 
disk  system)  and  comprehensive  software. 
Built  into  the  basic  console  are  both  a  cas¬ 
sette  recorder  and  an  Atari  BASIC  car¬ 
tridge  The  console  contains  a  full  alphanu¬ 
meric  keyboard;  composite  video  output 
and  built-in  r-f  modulator  with  TV  Channel 
2  or  3  selector;  four  controller  ports;  inter¬ 
nal  speaker;  two  cartridge  slots  tor  pro¬ 
gram  insertion;  four  Internal  cartridge  slots 
for  user-replaceable  memory  cartridges; 
custom-designed  video  graphics  display 
chip;  and  serial  I/O  port.  The  cassette  sys¬ 
tem  includes:  automatic  motor  controller: 
2-channel  operation;  3-digil  tape  counter; 
audio  track  that  plays  through  TV  receiver; 
600  bps  operation;  automatic  volume  and 
tone  control;  400K  data  storage  per  C120 
cassette. 
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Gould  Dual-Trace 
Oscilloscope 


The  new  portable  Model  OS253  12-MHz 
oscilloscope  from  Gould  Inc.  features  dual¬ 


trace  and  X-Y  display  capability.  Other  fea¬ 
tures  Include:  2  mV /cm  vertical  sensitivity 
with  ac.  do,  and  ground  coupling;  channel 
sum  and  difference  operation  with  chan¬ 
nel-2  inversion;  brighl-lme  operation;  de¬ 
coupled  Z-modulation  input;  calibrator  out¬ 
put:  and  front-panel  trace-rotate  control. 
Horizontal  sweep  rates  are  continuously 
variable  over  18  ranges  from  500  ns/cm  to 
0  3  s/cm,  wiih  a  maximum  effect  sweep 
rale  of  100  ns/cm  at  54  expansion.  Trig¬ 
gering  is  ac  coupled  from  an  internal  or  ex¬ 
ternal  source,  with  positive  or  negative 
slope  and  level  selected  by  a  vanable  con¬ 
trol  Featuring  an  8  4  iQ  cm  CRT.  the 
scope  measures  ifl"D  *  12'W  xr  5LyjH 
(46  *  30.5  x  14  cm)  and  weighs  about 
1314  lb  (6  kg).  $695. 


Capacitance 

Measuring 

Attachment 

The  Digital  Capacitance  Converter  can  be 
used  with  any  calibrated  oscilloscope  or 
most  counter /timers  to  determine  capaci¬ 
tance  values  When  used  with  a  counter/ 
timer.  It  allows  capacitance  to  be  read  di¬ 
rectly  in  pF  or  m-F,  depending  on  the  setting 


Atari  Personal 
Computer  System 

Alan,  developers  of  the  video  game,  pong. 
recently  introduced  a  personal  computer — 
the  Atari-BOO7^  It's  designed  to  be  con¬ 
ceded  directly  to  a  color  or  B&W  TV  re¬ 
ceiver  It  features  expandable  memory 
(shipped  with  BK  of  RAM  and  expandable 
to  4SK)  and  is  supported  by  optional  pe- 
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Audio  Pro  Computer- 
Controlled  Receiver 

The  Audio  Pro  TA-150  FM/AM  receiver 
has  no  internal  moving  parts  Its  one  con¬ 
trol  knob  is  read  opto- electronically,  with 
no  mechanical  connections  to  the  receiv¬ 
er's  interior  Selector  buttons  determine 


8 


(Continued  on  page  12} 


NOW!  GET  A 
BIG  20  REBATE  ON 
THESE  BEST-SELLING 


NO-CRY5TAL 


211 


PiPBdL 


wsa 


750. 


BC250 


BEARCAT  SCANNERS 


FOLLOW  THE  LEADER  TO  REAL  EXCITEMENT. 
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WHAT  COMES  OUT 
AS  IMPRESSIVE  AS  WHAT 


Most  speaker  companies  try  to  impress 
you  by  describing  the  "wonderful"  sound  that 
comes  out  of  their  speakers. 

At  Pioneer,  we  think  the  most  believable 
way  to  describe  how  good 
HPM  speakers  are  is  to  tell 
you  what  went  into  them. 

THE  HPM 
SUPERTWEETER: 
SPEAKERTECHNOLOGY 
RISES  TO  NEW  HIGHS. 

In  many  speakers, 
you'll  find  that  the  upper 
end  of  the  audio  spectrum 
is  reproduced  by  an  ordinary  tweeter. 

In  HPM  speakers,  you'll  find  that 
the  high  frequencies  are  reproduced  by 
a  unique  supertweeter. 

It  works  by  using  a  single  piece 
of  High  Polymer  Molecular  film, 

(hence  the  name  HPM)  that  converts 
electrical  impulses  into  sound  waves 
without  a  magnet,  voice  coil,  cone,  or  dome. 


And  because  the  HPM  supertweeter 
doesn't  need  any  of  these  mechanical  parts,  it 
can  reproduce  highs  with  an  accuracy  and  defini¬ 
tion  that  surpasses  even  the  finest  conventional 
tweeter. 

As  an  added  advantage,  the  HPM  film  is 
curved  for  maximum  sound  dispersion.  So  un¬ 
like  other  speakers,  you  don't  have  to  plant  your¬ 
self  in  front  of  an  HPM  speaker  to  enjoy  all  the 
sound  it  can  produce. 

MID-RANGE  THAT  ISN’T  MUDDLED. 

For  years,  speaker  manufacturers  have 
labored  over  mid-range  driver  cones  that  are 
light  enough  to  give  you  quick  response,  yet  rigid 
enough  not  to  distort. 

Pioneer  solved  this  problem 
by  creating  special  cones  that 
handle  more  power,  and  combine 
lower  mass  with  greater  rigidity.  So 
our  HPM  drivers  provide  you  with 
cleaner,  and  crisper  mid-range. 
Which  means  you'll  hear  music, 
and  not  distortion. 


The  High  Polymer 
Molecular  Supertweeter. 
So  incredible,  we  named 
a  whole  line  of  speakers 
after  it. 


Level  controls 

that  let  you  adjust  the  sound 
to  your  listening  area. 


©  1978  U.S.  Pioneer  Electronics  Corp,,  85  Oxford  Drive,  Moonachie.  N.i.  0707-1. 


DF  A  SPEAKER  IS  ONLY 
jOES  INTO  IT 


WOOFERS  THAT  TOP  EVERY  OTHER  BOTTOM. 

Conventional  woofers  are  still  made  with 
the  same  materials  that  were  being 
used  in  1 945. 

Every  woofer  in  the  HPM  Series, 
however,  is  made  with  a  special 
carbon  fiber  blend  that's  allowed  us 
to  decrease  the  weight  of  the  cone, 
yet  increase  the  strength  needed  for 
clarity.  So  you'll  hear  the  deepest 
notes  exactly  the  way  the  musician 
recorded  them. 

And  because  every  HPM  woofer 
also  has  an  oversized  magnet  and  a  high 
temperature  long-throw  voice  coil,  they 
can  handle  more  power  without  distorting. 

OTHER  FEATURES  YOU  RARELY  HEAROF 

Every  HPM  speaker  element  has  a  cast 
aluminum  frame,  instead  of  the  usual  flimsy 
stamped  out  metal  kind.  So  that  even  when  you 
push  our  speakers  to  their  limit,  you  only  hear 
the  music  and  never  the  frames.  In  fact,  our 
competitors  were  so  impressed,  they  started 


making  what  look  like  die  cast  frames,  but  aren't. 

HPM  speaker  cabinets  are  made  of 
specially  compressed  board  that  has  better 

acoustic  properties  than  ordinary  wood. 
Their  speakers  have  level 
controls  that  let  you  adjust  the  sound 
of  the  music  to  your  living  room. 

And  these  features  are  not  just 
found  in  our  most  expensive  HPM 
speaker,  but  in  every  speaker  in  the 
HPM  Series. 

All  of  which  begins  to  explain 
why,  unlike  speakers  that  sound  great 
on  only  part  of  the  music,  HPM 
speakers  sound  great  on  all  of  it. 

At  this  point,  we  suggest  you  take  your 
favorite  record  into  any  Pioneer  Dealer  and 
audition  a  pair  of  HPM  speakers  in  person. 

If  you  think  what  went  into  them  sounds 
impressive,  wait  till  you  hear  what  comes 
out  of  them. 

OA  PIONEER* 

We  bring  it  back  alive. 
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You'll  never  hear  a  sound 
our  ot  these  die  cast 
aluminum  trames : 


NEW  PRODUCTS  (Continued  from  page  8) 


The  best 
speaker  kit 
isn’t  a  kit 


The  best  speaker  kit  is  a  system 
designed  by  Electro-Voice  that  allows 
you  to  choose  your  own  level  of  per¬ 
formance;  from  a  studio  monitor  to  a 
modest  bookshelf  system,  from  a  wide 
selection  of  woofers*,  tweeters,  mid¬ 
range  drivers  and  crossovers. 

Then  Electro-Voice  provides  detailed 
plans  on  how  to  construct  the  enclo¬ 
sures  designed  specifically  for  the 
drivers  you  chose. 

Only  Electro-Voice  gives  you  all  the 
options.  But,  then,  Electro-Voice  is 
known  for  their  superb  quality  speak¬ 
ers-  not  for  kits. 

To  get  your  component  speaker  cata¬ 
log  and  construction  plans  package, 
just  send  $1.00  to  Electro-Voice 
Component  Speaker  Systems, 

600  Cecil  St.,  Buchanan,  Ml  49107. 


ElectroVoice 


3  pulton 


company 


6D0  Cecil  Street,  Buchanan,  Michigan  49107 


Electro-Voice  Component  Speaker  Systems, 
600  Cecil  St.,  Buchanan,  Ml  49107. 

Please  send  me _ 

E-V  component  speaker  packages. 

I  have  enclosed  $1 .00  for  each 
package  ordered. 


Name 


Address 


City /State /Zip  PE-3-79 


when  that  knob  serves  to  control  volume, 
balance,  treble,  bass  or  tuning.  A  micro¬ 
processor  with  memory  and  logic  functions 
restores  the  most  recently  used  control 
settings  each  time  the  receiver  is  switched 
on.  An  LED-string  “dial"  shows  control  set¬ 
tings;  station  frequencies  are  displayed  di¬ 
gitally.  Other  facilities  include  preselector 
buttons  for  five  FM  and  two  AM  stations, 
dual  tape  monitors,  two  phono  inputs,  low 
and  high  filters  and  switchable  FM  muting. 
Output  power  is  70  W  continuous  per 
channel  into  8  ohms  at  less  than  0.1% 
THD,  from  10  to  10,000  Hz.  FM  sensitivity 
is  1 1  dBf  (2  plV)  usable  monophonic,  and 
35  dBf  (31  p.V)  stereo  for  50  dB  quieting 
sensitivity.  Capture  ratio  is  2  dB;  selectiv¬ 
ity,  55  dB.  $995. 
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Hustler  VHF/UHF 
Monitor  Antennas 

New-Tronics  has  introduced  four  new  Hus¬ 
tler  antennas  designed  for  the  vhf/uhf  pub¬ 
lic  service  bands  of  37  to  50,  1 50  to  1 74, 
aqd  450  to  512  MHz.  The  Model  MOS 
($9.95)  is  a  33-in.  indoor  receiver-mounted 
antenna.  Mode!  MOR  ($19.95)  is  33%  in. 
and  has  a  base  for  mounting  on  a  flat,  hori¬ 
zontal  surface  such  as  a  roof  or  deck  lid. 
Model  MOT  ($24.95)  is  a  34Vi-in.  trunk-lip 
mount  unit  with  no  holes  required.  Model 
MOC  ($1 9.95)  is  a  universal  mobile-mount 
3414-in.  unit  with  an  adjustable  180°  swivel 
to  keep  it  vertical.  The  latter  three  anten¬ 
nas  come  with  appropriate  lengths  of 
RG-58  coax  cable. 
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Realistic  Mini-Size 
“System  Seven” 

Radio  Shack  has  introduced  a  “mini-sized” 
AM/FM  stereo  system  designed  especially 


for  apartments,  dormitories,  or  offices.  It  in¬ 
cludes  the  STA-7  receiver,  measuring 
3t4"H  x  16^"W  x  1114"D  (9  x  42  x  29 
cm),  and  rated  for  10  W/ch  continuous 
power  at  8  ohms  from  20  to  20,000  Hz, 
0.5%  max.  total  harmonic  distortion.  With 
the  Minimum-7  speaker  systems,  each  of 
which  is  7-1/16  x  4-7/16  x  4-5/16  (18  x 


11.5  x  11.4  cm),  equalization  circuitry  in 
the  receiver  is  said  to  permit  a  low-end  re¬ 
sponse  down  to  50  Hz  at  90-dB  levels. 
Equalization  can  be  switched  out  for  flat  re¬ 
sponse  with  other  speaker  systems.  The 
expandable  system  features  a  tuning  me¬ 
ter,  tape  minitor  switch,  and  speaker  A-B 
selector.  The  complete  system  receiver 
and  two  speaker  systems  is  $219.95. 
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Courier  AM/SSB 
CB  Transceiver 

Fanon/Courier’s  Galaxy  AM/SSB  mobile 
CB  transceiver  features  digital  LED  chan¬ 
nel  display  and  emergency-assistance 
channel  9  priority.  The  mobile  unit  is  re¬ 
ported  to  offer  better  than  80  dB  of  adja¬ 


cent-channel  rejection  through  the  use  of 
mechanical  ceramic  i-f  and  two-pole  crys¬ 
tal  filters.  An  automatic  gain  control  (age) 
prevents  overloading  of  signals  stronger 
than  100  dB.  Additional  features  include  a 
noise  blanker,  SWR  calibration,  clarifier 
and  squelch  controls,  microphone  and  r-f 
gain  controls,  PA  capability,  SWR  calibra- 
tion/S/r-f  meter,  and  transmit  and  receive 
light. 
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Speakerlab 
Speaker  Kit 

The  “Thirty”  is  the  first  speaker  system  kit 
which  is  said  to  offer  the  Nestorovic  woofer 
system.  Two  woofers  (one  8"  and  one  10") 
share  a  single  1 .8  cu  ft  enclosure  and  are 
selectively  active  or  passive  at  different 
frequencies.  An  electronic  network  en¬ 
ables  both  woofers  to  work  actively  in  up- 


POPULAR  ELECTRONICS 


YOU  GOT  IT 
DSI 

QUIK-KIT® 

50  HZ  TO  550  MHZ  COUNTER  KIT 


S5°/o  ASSEMBLED  100%  TESTED 

Performance  You  Can  Count  On 


FREQUENCY  COUNTER  APPLICATION: 

•  Ham  Radio  —  Two  Way  Radio  —  CB 

•  Audio  Amplifier  &  Receiver  Repair 

•  Computer  Maintenance  &  Construction 

•  A  Must  for  TV  &  PLL  Repair 


$99.95  includes  built-in 

MODEL  3550K  Pre-Amp  &  Prescaler 


DSI  OFFERS  THE  BEST  OF  TWO  WORLDS  .  . . 

An  unprecedented  DSI  VALUE ...  in  a  high  quality,  LSI  Design, 
50  HZ  to  550  MHZ  frequency  counter  kit.  And,  because  it's  a 
DSI  innovation,  you  know  it  obsoletes  all  competitive  makes, 
both  in  price  &  performance. 

With  95%  of  the  assembly  completed  by  DSI,  you  are  only  one 
hour  away  from  solving  all  of  those  difficult  bench  problems, 
from  adjusting  60  HZ  clock-time  bases  to  setting  the  frequency 
of  a  468  MHZ  Mobile  Radio. 

FACT:  Every  3550  QUIK-KIT®  PC  board  is  factory  assembled 
and  tested  before  shipment.  FACT :  The  problems  of  bad  LED's, 
IC’s,  and  Capacitors  are  a  thing  of  the  past.  FACT:  No  manu¬ 
facturer  except  DSI  offers  a  550M  HZ  frequency  counierwith. . . 
8  digits,  .5  in.  LED’s,  TCXO,  1HZ  resolution  and  a  one  year 
warranty  on  parts  for  under  $100.00.  FACT:  We  do' not  know 
how  long  we  can  hold  this  low,  low  price.  GO  WITH  THE 
LEADER  . . .  BUY  A  DSI  FREQUENCY  COUNTER  KIT  TODAY. 
SAVE  TIME  &  MONEY  AND  BE  ASSURED  IT  WILL  WORK 
THE  FIRST  TIME. 


DSI  —  GUARANTEED  SPECIFICATIONS 

Time  Base  TCXO  1PPM  65°  to  85°  F 

Freq.  Range  50HZ  to  550MHZ  incl.  two  S0239  inputs 

Resolution  1HZ  to  55MHZ,  10HZ  to  550MHZ 

Gate  Time  1  sec  &  1/10  sec  with  Auto  Decimal  Point 

Display  8  digits,  'k  inch  LED  with  Leading  Zero  Blanking 

Sensitivity  25MV  @  25MHZ,  150MHZ,  250MHZ; 

75MV  @  450MHZ 

Power  8att„  12VDC  @  300Ma,  11QVAC  (with  AC-9) 

3550K  Kit . . . .  $99.95 

T-101  Ant . '. . .  3.95 

AC-9  AC  Adp .  *7.95 

Shipping,  Handling,  Ins.  . . .  10.00 


3550W  Wired . 149.95 

T-101  (incl.) . NC 

AC-9  (incl.)  . . i\ . NC 

Shipping  (incl.) . NC 

CALL  TODAY  TOLL  FREE:  (800-854-2049)  Cal.  Res. 
CALL  (800—542-6253)  TO  ORDER  OR  RECEIVE 
MORE  INFORMATION  ON  DSI’S  FULL  PRODUCT 
LINE  OF  FREQUENCY  COUNTERS  RANGING  FROM 

10HZTO  1.3GHZ 


DSI  INSTRUMENTS,  INC. 

7924  Ronson  Road,  Dept.  G,  San  Diego,  CA  921 1 1 


TERMS:  M C  -  VISA  -  AE  -  Check  -  M.G.  -  COD  in  U  S.  Funds,  Orders  outside  o f 
USA  S  Canada,  please  add  $20,00  eddltlonal  to  cover  air  shipment.  California 
residents  add  flte  Sales  Tfw 
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per  bass  frequencies,  but  shift  some  signal 
input  away  from  the  lower  10"  woofer  at 
lower  frequencies.  A  three-position  woofer 
damping  switch  overcomes  problems  with 
subsonic  noise.  A  4”  midrange  driver  with 
col  lapsed -cel  I  foam  surround  and  a  1" 
dome  tweeter  complement  the  woofer  sec¬ 
tion.  Frequency  response  is  said  to  be 
within  1  dB  from  100  to  10,000  Hz,  both  at 
0°  and  30°  off  axis.  Drivers  and  crossover 
circuit  are  rated  at  350  W/ch  max.  Dimen¬ 
sions  are  31  "H  x  12%"W  x  10%"  D  (80  x 
33  x  27  cm).  $330  with  walnut  cabinet, 
$285  with  walnut-grain  vinyl. 
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Heath  Floppy-Disk  Kit 

Heath  Company  has  announced  availabil¬ 
ity  of  the  Model  HI  7  floppy-disk  system  in 
kit  form.  The  system  has  a  storage  capac¬ 
ity  of  102K  per  disk.  It  utilizes  a  fully  as¬ 
sembled  Wangco  Model  82  disk  drive  (ex- 


You  can 
assemble  any  of  these 
Schober  Organs 

— and  save  50%  off  store  prices. 


Bib  Electronic 
Anti-Static  Device 

The  Groovstat  3000,  from  Bib  Hi-Fi  Acces¬ 
sories,  is  a  fully  electronic  device  (no  pie¬ 
zoelectric  cell)  which  uses  a  C-size  battery 
to  produce  positive  ions  to  clean  record 
surfaces.  All  negatively  charged  build-up  is 
said  to  be  eliminated  in  3  to  5  seconds. 
The  user  can  hear  and  see  that  the  device 
is  working  by  means  of  an  audio  signal  and 
a  red  neon  light  which  are  turned  on  when 
the  control,  is  operated.  $29.95.  Address: 
Bib  Hi-Fi  Accessories,  Inc.,  3363  Garden 
Brook  Dr.,  Dallas,  TX  75234. 


This  coupon  will  bring  you  the 
fascinating  Schober  color  cata¬ 
log  which  describes  the  organs 
and  shows  you  how  easy  it  is  to 
assemble  them  from  Schober 's 
complete  kits.  Include  $1  if  you 
want  a  12-inch  demo  record. 


The  Organ  Corp.,  Dept.  PE-82 

43  West  61st  Street,  New  York,  N.Y.  10023 

□  Please  send  me  the  Schober  Organ  Kit 
Catalog. 

□  Enclosed  is  my  $1  for  the  12-inch  demo 
record. 

Name _ 

Address _ 

City _ State _ Zip _ 


The  nicest  little  clock  radio 
available  anywhere. ..that 
goes  anywhere. 

CALL  800-621-5554 

Illinois  Residents  call  800-972-5858 


Actual  Size:  5V2"  Long  x  2W'  High  x  2"  Deep. 


It’s  light.  Small.  Extremely  practical.  With  all  the 
features  and  conveniences  of  the  clock  radio  by 
your  bed — shuts  itself  off  so  you  can  fall  asleep  to 
your  favorite  music . . .  wakes  you  to  music  or 
buzzer  tone  alarm  . . .  with  snooze  button  and 
night  light. 

Try  it  on  15  day  money  back  guarantee.  Call 
toll-free  to  charge  it  or  send  just  $39.95  plus 
$3.00  for  shipping  to  Douglas  Dunhill.  (III.  add 
sales  tax.)  In  rich  black  and  anodized  silver. 
Complete  with  penlight  batteries  and  carrying 
case.  You’ll  never  worry  about  or  miss  a  wake  up 
call  again. 

Douglas Dunhill 

inC.-7pFR30DfiBLJE  OURUTY 

DEPT.  7  3-2329 

4225  FRONTAGE  ROAD 
OAK  FOREST,  ILL  60452 
©  Douglas  Dunhill  Inc.  1978 

REE  INFORMATION  CARD _ 


pandable  to  dual  disk),  an  interface/disk 
controller  board  kit  that  plugs  directly  into 
the  company’s  Model  H8  computer  main¬ 
frame,  and  a  self-contained  power  supply. 
Seek  and  access  times  are  rated  at  less 
than  250  ms.  Available  operating  system 
software  is  designated  as  the  Model 
H8-17.  It  includes  the  Heath  disk  operating 
system  (HDOS)  with  diagnostic  for  unit 
evaluation  and  optimization;  BUG-8  con¬ 
sole  debugger;  TED-8  text  editor;  HASL-8 
assembly  language  and  extended  Benton 
Harbor  Basic.  An  extra  diskette  is  included. 
$530  for  Hi  7,  $295  for  Hi  7-1  optional  sec¬ 
ond  drive,  $1 00  for  H8-1 7. 

CIRCLE  NO.  90  ON  FREE  INFORMATION  CARD 
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CIRCLE  NO.  47  ON  FREE  INFORMATION  CARD 


POPULAR  ELECTRONICS 


328  WAYS  TO  INCREASE  YOUR  |  APPLIANCES,  ELECTRICITY  &  ENERGY 

ELECTRONICS  KNOW-HOW! 


SIND  NO  HONEY!  We  ll  invoice  you  on  10-MY  FREE  TRIAL 
ILL  BOOKS  100*  GUIRIHTEEO.  You  must  be  satisfied 
or  rihim  the  books  and  we'll  cancel  the  invoice. 


COMPUTERS,  MICROPROCESSORS  &  ROBOTICS 


107T  Tho  Compieto  Handbook  qi  HoboLcii  lib;  p  13?  it  57  95 

1065— So  Tested  Fteady-To-Hun  Gam*  Programs  m  BASIC  25?  -p  ^5  35, 
1Q70  — Digttol  Inleriocmg  ivrtti  an.  Analog  Vtorle  406  o  277  H  SS.3& 

1080—  Ituslrated  Diet  ol  Mcrfjcodnpucet  Termindwy  222  p  1  So  .15755 
S0'ir&-’ArtiliCJal  inL^kqetvy-t  26?  o  1 1!  57  95 

&41  -Build  Vayr  Own  Working  flULio:  238  p  1 17  ill  55  35 

1'099^-HMf  To  fip-ld  Vcnjr  Own  Woiktod  1 6-Blt  MiCrcicarnptiJtt  30  D  53  95 
T09S—  P*Oqi  ams  >n  0A$IC  tor  E  'SC  Eng  .  Tech?;  &  E  n  p  Y  4  0  p  43  <1  £4  95 
1077--Kdhk  01  Remote  Corns*  s  Auionvnmn  7  ech<;  2&J  p  .360  il  5/  9$ 
HISS— The  BASIC  Cookbook  MO  p  $j  99 

1 0^  5—  Beginner  5  Cue.  to  Computers  A  M'CtqplOC&ssor  b.  305  p  $fi  £E* 
1000—57  Prjsiicai  Programs  A  Games  in  BASIC  flop  &i  n  57  95 
905—  Beginners  GujCKS  rd  MnCrCproce&SDiS  sb*  p  itlfi il  55  95 

90S—  Programming  MiCtop;ocn&SOr>  360  p  103  n  56  95 

6?0--Smp Hired  Ccmquitir  Programming— deluding  RpG  £6  9$ 
571—  MiniprOces'50‘5  from  Car-Gu  lalOi^  10  Computer  5  iq$  ff  $$  gr„ 

37^1 — Waaler  Handbook  01  D.gito!  Uw<  Applies  393  p  287  n  57  96 

352— M'pnxessOr  Programming  tor  Computer  Hobbyists  387  p  $g  95 
955— Modern  Digital  Communicdlions  308  p  i?2  i!  ih_,  gc, 

975— The  Compuialos  Book—  Smio  Super  Calculators  A 

Mmicompuraa  NdW&  wjLH  Carey  1  J,tof  Chips  322  p  227  il  S7  95 

75?— Computer  Programming  Handbook  510  p  IM  il  ^  36 

554— Computer  Technician  1.  Handbook  400  p  430  l  59  95 

324— Advimced  Appi.car-ons  for  Pocket  Calculators  334  p  375  n  55  36 
S3ft^  Computer  Circuits  A  Hqw  Thuyy  Work  19?  p  >09  »l  55  95 

574—  Beginner  *  Guide  to  Computer  Programming  480  p  J6J  |1  $9  95 

785— MiCrdprOcessdrMiCropiogjsmm.ng  Hdbk  294  p  l7ftil  Sfi  95 

709— Modern  Guide  to  Dtotfij  Logic  294  p  222.  >t  56  36 

7?a— Gal  me  Mobt  Clue  of  Eiociromc  Caimisio''5  204  p.  23  .i  5  v  93 

548— Baginnor  s  Ginrie  Ld  Compgier  Logic  192  p  t7£ii 


BASIC  &  GENERAL  ELECTRONICS  TECHNOLOGY 


5i0— Hew  lo  Beau  Electronic  Circuit  Diagrams  192  p  ?4fl  n  W.S5 
588 — BlSc  Oecfromcs  Course  384  0  275  *1  5?  .95 

B9i—  Practical  Solift'Slaie  DC  Power  Supply*  196  p  151  tl  $6  95 

628—  Baw  EreciFlCify  6  Beginning  Electronics  352  p,  191  H  55.95 

830—  fnifoduction  10  Medical  Electron  ns  320  p  1 26  n  $7,95 

655 — Modam  Electronics  Mash  666  p  4?4  u  SH  95 

7?8— Banc  Dngrtai  EF&cVornes  210  p  11?  i|l  54.95 

69T -Electronics  Unravelecf  223  p  96  il.  55  95 

828— Smithing  RegutaEprs  S  Poww  Supplies  252  p  128  il  56  95 
503—  industrial  EJectromcs  Principles  &  Precise  4t6  p.  300  ii.  £8.95 
930— Se^iong  Msdcal  6  0dOqiec8ontc  Equjpmeni  350u  165  it  JB  95 
300— Dctioriary  or  Electronics  420  p  407  ii  55  95 

60i —Bas>c  Cater  Tet&vrsion.  Course  420  p  over  300  il  S3  95 

575 — Modem  Reoar — Theojy  Oper  end  Maint  400  p  253  it  57  9.5 

1 04—  Basic  Radio  Course  £24  p  128  il.  55  95 

630-Man m  Elttiromts  Handbooli  1 92  p  1 06  tl  S*  .95 

528 — Pulse  i  Switching  Cirouats  256  p  iB*  H  S5  95 

SflS— (hgilal  Erecironies  Fnntipies  6  Pfflclicq  29?  p  i9i  <1  $5  95 

105- Base  TV  Course  224  p  128  U  S5  95 

HI— Elesfc  Transistor  Course  ?24  p  179  ||.  SS.95 


CIRCUITS  BOOKS,  HOBBY  ELECTRONICS  &  PROJECTS 


t  s  0 1  —NOW  Tg  OdSig  n  B  Build  Vpuf  Own  Custom  TV  G.ii no s  546  r  S3  95 
805— The  Powtn  Supply  Hancpoqiii  430  p  392  il  &7  95 

1  iu*-Laser&.  The  Ltgm  Famasiit  294  p  153  ,i  66-95 

1079— How  10  Suitd!  6  u^e  Low-Cosi  HtydrCfiflOrtq?-  MO  P  9B  hI  ^  S5 
mi  -Undeiaranding  Eleclionn:$  1B2  p  ?66  i|  $4  SB 

8C0-"Ma5ier  Hdbk  ol  HM-l  Practical  EtocEromc  Drcuils  632  p  S3 
1O6B-303  Dynamic  EleclrOn*  C'rcwls  3rJB  p  303  '1  $C-  35 

1023— EaginnaJ  s  Gde.lo  Designing  Bing.  1  ransislof  Radios  mO  j-f  5J.95 
965— Medefn  T*ansvs[pr  Radios  E?a  p  1 1?  m  52  50 

958 — Beainnoj  s  Guide  to  f^skinq  EiecJr  Gadotiis  mo  p  1 1-3  n  5*i  95 

B3i—Tnc  ABC  Beak  at  Hi-Fi  Agdip  Proicicis  1E9  p  131  n  54  95  I 

909— How  to  Build  Moial  Trea^re  Locators  uo  p  60  n  S3  95 

935  *Build4l  Book  ol  Oploeieclionic  Proieds  238  p  1  75  it  55  95 

30—  Hnnrfouok  Pt  Serniccm due lors  Curcuili  444  q  3l7  ,1  S5  95 

964— Modern  C^-slat  Radios  [Make  and  use  Ser^i  64  p  10 1 1>  52  50 

637 -Pun  wuh  Bacitomcs  14C  p  60  ii  S3  95 

636— OplMieci.ron,c&  GunJet]ocik-fti,Ln  PrdieCLf  1O6  p  115  5595 

9Q9—  BuiHlTl  Book  d!  Dig'iai  Eieciron.c  Timebiece!.  25w  p  209  n  56  95 
926—  Model  Railroad  Electronics  30B  p  216  <i  55  95 

912 — BB  Pretzel  OP  Amp  Circuits  vou  Can  Bu^'d  J4Q  p  120  ii  ii.95 
668— CBers  HarHlytiook  ol  Bimgte  Hoeoy  PtOi«!s  168  p  1  M  d  &B.95 
BB7— 106  Ee&y  Eiecif  Projecii- beyond  me  tfansistor  224  p  55  95 

790 — ?T  Simple  TransiSlpr  Rudid$  You  Can.  Build  14(3  p  t22  il  S295 
BGi  — Display  Eieetronjcs  25?  p  105  4  S5  95 

679 — Electronics  tor  Shullerbugs  204  p  ioq  ii  S5  95 

771  -Integrated  Circuits  Guidebook  196  p  HM  55  05 

667— fcfowtufD  Proiects  tor  EkeCLtpruc  Ho&aytMS  566  p  ^.L  ,1  53  ^ 

7B7— OP  AMP  Cirt-Uil  Gdsign  A  Appl  cations  200  p  239  h  S6. 95 

796— M05FET  C^rcuiis  Guidebook  .w.tn  I0O  Projects  322p.i&£  >\  53.95 
7 14^ Radio  Astronomy  t*  Ihp  Amateur  352  p  85  >t  55. 95 

571—  Redto-Eiectroncii  Hobby  P rci|j=n~  15  192  p  21 J  S4  95 

591 -Solid-Stale  Projects  lor  the  Exper.  monte '  224  p.  323  'i  S4-93 

7B0 —  1 1 1  Oigilai  A  -Linear  LC  Pro|0dU(  ?ifl  p  2™  il  S5  95 

699 — So-'d-Staie  Circuits  Guidebook.  252  0  227  u  BE, 

52A.  —  1CM.  Easy  Projects  lor  Eleclronics  Gedgeteer  1B0  p  Y05  '.  V  95 

55j— EiecHooits  Sell-T&ugh!  wiih  Eip  A  ProjKts  2BB  p  191  'J  S&  95 

695--"  Practical  Triac-SCR  Projects  rdf  EKpetinfvaniQrs  i92r-  146  ii  54  95 

406—104  Simple  One  Tube  Protects  192  p  104  il  £3  95 

629—HandtMOk  ol  1C  CircuH  PrftjeCis  224  p  136.  u  SS  95 

4U7_fc4  Hobby  Projects  for  Home  i  Car  192  p  .  195  n  $4  95 

537— 125  One-Tiensistpr  PrO|#Cli  192  p.  12S  »l  04,95 

63— Fun  whIO  ElBCl  ric*ty  126  p  94  iL  SB95 

647— £reF(K>  Quad  Hi-Fi  PndCtoles  S  Projecls  192  p  lOO  94  95 

4&4^Eledtron-iC  Hobbyiit  s  1C  Prgjetl  Handbook  154  p  B6  n  5J  95 

613— ^ew  tc  FET  Principles  8  Protects  i5d  p  60  >1  S4  93 

J  62— 104  Easy  Transit*  PTojocls  You  Can  Buitd  224  p  105  ii  55.95 
530-PractiCOl  Sd  itf-State  Pr.nDplee  £  Prd|eci$  176  p  1 27  4  S3  95 

568 — il  Projects  to»  Amateui  A  Expdfjmadler  192  p  252  1'  5?  95 

542  -iFa/isrstor  Projpcrs  Id*  Hobbyist  5  S  Stuofbnifi  192  p  153  1!  54  95 

?0  Etotii'Cnic  Pumips  £  Carnes  128  p  79  if  S3  95 


ELECTRONIC  TEST  EQUIPMENT 


1  rr  -Hew  Ki  Tesh  Almost  Evarylhuig  Eiecironic  160  p  144  ni  £3  95 

.■30  -Elective  T rOutneihooling  YWHU  BVM  Scope  236  p  .  *85  n  £5  95 

101?  How  Tp  Design  B.J='d  Eieetr,  InsLrumentEiliOil.  '120  p,,  2TC  n  S9  95 

792  □u.ikl-H  Soak  ot  Mmialutfi  Test  A  Msmt  fri&u  236  p.  151  ii  S4  95 

47? — Working  wvlh  me  OssiltoSOODC  104  p  103  1 1  7"  *  91*  54  95 

672-UndeTStanding  4  Usyoa  the  VOM  *  EVM  192  p.  187  il  %S  95 

927  -Hew  Id:  Use  AF  8  RF  Signil  GenSratorj  23B  p  162  «l  £5  95 

702— E  ectromc  MeasuremonL-s  Simpl-rietJ  240  p  217  il.  J4  95 

729-  PF  A  Digital  Test  Equipmern  You  Can  Build  252  p.  2t?  J  S5  95 

B77— Under  £  US'dp  Modem  Signal  GeoetStOrS  294  p  120  ||  S6  95 

^64  undersiandmo  £  Usma  trie  Oscilloscope  272  p  1 70  il  £5  95 

57f  -Ho*  to  Use  Cntor  TV  Te&l  Instrurognls  250  p  230  nl  $8  95 

ii’  Tast  Inslnufflf.its  f<x  Eteclromcs  t92  p.  155  il  64  95 

Brto— How  to  T  snoot  £  Repair  Electr  Test  Eqpi.  252  p  |43  il  $0  95 

77-- under  Usmo  Modem  Eiecir  Sirtmc)  Test  t^pment  252  p  S5  95 

403—99  iVays  hP  use  Your  OsCiltosCOpe  192  p  327  i(  S5  95 

JS5— Hr?*’  lo  U&e  TesJt  Instr  m  Electronics  Servicing  256  p.  234  il  S*  95 

550 — Vectorscopes-^apes- Sweep' Marker  Generators  256  p.  £5  95 


1063— How  Tc  tnstofi  yom  Own  Home  or  Mo&ito  Powei  PiactSB  95 
33 1  -Ciren  Cunern  Mptori  752  6  1  7?  ■!  iM  95 

B87^Hearirt?  Aid  Hanobook  336  &  224  il  JQ  95 

— Compare  Hctih  rH  Etacincat  House  kS'irmg  476  p  196  h  56  95 

906—  Homed wne  I  i  Gde  to  ikilar  Heanr+q  Cooling  196  p  M0  11  £4  95 

962— Micrawgii-e  Chen  service  A  Repg-r  420  p  2lfl  h  £9  95 

903—  Guide  to  Modem  Bneigy-EH^ient  Heai.ng.  Cooung  Sys  £6  95 

75&-  how  to  Completely  Secure  vour  Home  224  p  152  ,1  5595 

IQ30— 101  PracLcai  Uses  tor  Propane  Torches  MQ  c  93  it  £3  95 

1W6— Buito  it  Efca-s  pt  Boto'  H#altog  Pi&jKts  V06  p  1 1 1  il  £4.95 
B2&-* Central  Heatmy  a,r  Cone  nepa-r  Guide  322  p  286  .1  S6  95 

T-97— E-jednc  Motor  Tea:  \  Fl^pan  160  O  102  4  $6  95 

5lS—Smat]  Appliance  Repair  Guide-Voi  1  2?4  p  1  oc- 1 :  S5  95 

017- HOW  So  Repan  Small  Gasolim?  Engines  392  p  2$l  .1  S6  95 

904—  Homeowner  f  Guide  to  Saving  Energy  28E  p  169  il  $5  95 

745-^  TVid  Hgme  Appiijrvt-  Glffne  ’95  P  Bl  i'  S4  95 

BE6 — Hpw  Ip  Repuir  Hdmp  K<lcht;ri  AppJiancei  294  p  ?05  n  $5 

920 -Complete  pi  Locks  A  LocksmiHh*ng  392  p  ?AS  ii  $&  95 

356— Hpw  10  Repair  Home  Launcry  Appliances  280  p  '37  ,.  $5  95 

7  IB— Small  A  ppi  '4  nor;  Rcpai'  Guije  Vo-  2  210  p  1  (9  <■  $4  9& 

556-  Major  Appuan&e  Repair  Gu.oe  260  »  2  75  .1  S5  95 

67 1  El&clncai  Wirnnq  UgPUr^  for  Home  OH-C&  204  p  155  »l  $4  95 

3 ?0  -How  (0  ReiMi'  Hrime  Auto  A  r  Cdndjr..oneJ5  20B  0  100  il  S5  95 

295— Rerr,qeidiron  i60  p  5.3  ■;  SB  95 


FCC  LICENSE  STUDY  GUIDES 


10  “3-  Am^ieur  Lie  5h  Tide  idf  Nov  Tccii  £Ged  Ct3SS33Bp  $6  95 

1092  -First  Class  Oommsiciol  FCCL-c  Sruiu  Guide 3 78  p  205  S?95 

58?  -Com'nerciai  FCC  Ltten-te  Hviniltiijoii  444  p  1 50  .<  57  96 

552  2nd  Oa^  FCC  Encyctopcaid  5!ucrv  Guide  602  p  445  ■■  57  96 

S93  THirrl  CtoS'^  FCC  Ltodnse  Study  GmOe  3  OB  P  KB  >1  SB  95 

873  -Ham  Radio  Huuice  Ctoss  License  SiudryGuiSto  234  jj  >7  <1  55  95 

651  rtorn  fl.lCiO  General  CtoSS  L<ertse  $tudy  Cundi?  4.1fl  0  S7  95 
0?'F  H4L-n  Adwinc-Ki  Pass  Leen.ve  Studv  Gu.de  252  p  55  95 
64  j  Ham.  RaiJ'O  E  tira  C'fth1.  L'tpn^e  51u4y  Guide  224  P  i3a,r  S5  95 
989  Ham  Radio  Jnci!nuv,ebcen^inrr  Guide  16-1  p  70  .1  $4  55 


CBr  COMMUNICATIONS,  HAM  RADIO  &  PHONES 


1097— An  Abou:  TetopbonK  T92ti  14Q  il  5^  95 

1 062—  Rartaj  Deiectoi  Handv  Manum  Bu  p  .  63  n  $2  25 

1 05.1—  Anlennfl  COdaloid  ton  H  dirt  Air  Ham  C3  B  5W1  23E  p  ^5  9-5 

1'J05  -  Hdbk  at  5oM.r  Fla  e  Monilarma  £  Prop  Fmec/iSdne  i?5  in  £5  96 
997  — The  Hfi-ndtXW^  Ql  Ffirefidnnes  £  AcCd^Onds  42?  p  215  n  eg  95 
9fi9---Caei  5  Hiiruly  Marnip1  pi  9ase  BlJimns  96  p  55  ii  £2  50 

601  -Majjle'  Hjndbnck  pi  Ham  Flua.o  Ltcu  n,  392  p  301  k  53  95 

963— Konis-fini*  HF  VhF  Antenna  Hi.ftdbcsfr  2\Q  p  143  .1  $5  95 

959-CBnr  S  Handy  Manu#  ol  SSB  00  □  A?  ,t  $2  2i 

685  - 1  he  Complete  Shortwave  L^ien^t  5  Hdim,  192  p  M6  if  E6  95 

683— Pictorial  GuiCJip  to  C3  Hftdip  Install  Repair  256  p  304  '  55  95 

673— How  ip  Be  A  Hn'jir, - Inds  t.aie-.l  FCC  n,„'ei.  1 92  p.  25  -i  53  95 

950 — Ml  Del  of  Sraudcati  -CATV'  'loJecomm*  4?{i  p  1Q4  .1  SB  95 

709— C&  Radio  Oceralot  n  Guide-2nd  c ■j.in’..  253  0  13?  n  £5  95 

699—  C&cu  s  Handy  Martoausa  p.  Si  50 

73£ — Trve  Complete  FM  2- Way  Hridto  Handbook  294  p  1  h  u  S&95 

BS9— T He  Co mpietn  Handbook  pi  B'ow  Seen  TV -304  p  r GE>  *i  £9  95 

9S4— Practical  CB  R.ia.o  Trou&JeshtKJimg  £  R9p.nr  400  p  139. .,  £7  95 
597 — RTTy  Handbook  320  p  230  it  5695 

933--C0Cr  &  Hati-dy  A'lM  D'Clton^jy  64  n  $  I  95 

722— Arttoleur  FM  Conversion.  £  Cnnyr  f»i  cc^-s  256  r  rB7  "  Si  95 
67& — Modern  Com mumCflnons  Sw'itCdiog  Syiterns  276  p  1"1  il  Si  7  9S 
581—  Citizens  Band  Rathr  Semico  Manual  i?8B  p  B.t  ii  £5  96 

621— The  a-Meier  F  M  ttepoalo?  CirCu.lh  H.r.pKtok  31?  a  T&i  ■!  $6  95 


ELECTRONIC  MUSIC 


743— Eteclronib  Music  Cun^s  Guidebook  ?24  p  J00  -I  56  95 

043 — BoLrrteOoc-k  £)r  Ci^ClraniC  Dry  an  CittuilS  163  b  101  lI  S4  95 
B1Q — Hk>w  10  Repair  Musical  Instrument  Amp'i'iers  2&B  p  50'  il  $S  95 
7i8—  Eloclmmc  Music  Produetian  156  p  79  is  S3  95 

666—Eiper.menrip.g  Wiin  Eiocfrooic  Wuss  18O  c  103  it  Sa  95 

5J6. —  EtOCLrdmc  MuaiCaS  Inal  rumonii,  )9?  p  121  it  $6  96 

&32— E  red  <cn  r  Musical' ns  1 1  Manual  2  IQ  p  7-  *  t0"  3B5 -1  S6  95 

503— Servianq  E- eci ron^c  Organs  196  a  fl'  ■  11  545  it.  $995 


AUDIO,  RECORDING,  HI-FI  A  STEREO 


tC&i  -How  to  Ddstqfl  SuiW  T  e$r  Come >'e  Sueaker  Svstoms  336  p  $6  95 
tQofr-Tnsijii  Everyrhjmj  Elect'  .'■  Cars  BoFstS'Piaoea  Trucks  36J  p  $7  95 
1042— Jap  Radio  Rueoto  Tape  Prater  3Bhdr0  liilamKii  -  V  2  200  c  $7  96 
161 7—  Understanding  Sovtop  V.flCi>  A  F.im  FtpcgrOtog  140  p  ?4  r|  $5  3^ 
966  -  Complete  Han  rtbbOk  .J  PA  Si>  md  Bvitom  &  272  p  1 4  (j  if  $7  95 
736-  Arnuteur  F.lm^iikn,  *  Rdbh  SouhO  Svnr  Stonm  5>0  P  S5  05 
876— MttrdphdneS-  -How  Work  A  Hdw  to  U^u  Them,  22-4  p  9>  n  £5  95 
6'16— Acousl.-C  Tecbnitjues  lor  Hpme  £  Bludio  3JJ  p  S68  il 
781 — Handbook  01  Mudifti  anne.1  Recording  222  p  198  .1 
934— Photo  Guide  lo  AM  FM  Blereo  Repan  ?88  p  26 1  il  $6  95 

632— Petdnat  Guido  10  Tupa  R&tordoi  Repairs  256  p  320  il  $4  95 
756— 4-Cbanner  $leretj-Frnm  SdiirCe  !0  Sound  262  [5  i-IJ?  4  $4  95 

63fl~ Saup  Audio  Systems  24Q  p  302  .1  S4  95 

669 — CjFisettEfTapfl  Recorders- how  Work  Cafe  Pepair  204p  <7i  '$595 
497—  Tape  Rotord  ng  rtr  run  £  PiqTH  224  u  T?1  H  ££  95 

494  —  Ando  Systems  Handbook  t'92  f  12£  ii  $4  95 

581  -^Oufltiltons  £  Answers  About  Tatu?  Pecdtomu  264  d  (02  h  $5  9b 
716 — Stjrv.nng  CaiSOllei  Cartridge  Tape  Playtrfi  284  p  196  1'  £6  9*. 

505^tn&iaLimg  £  Serving  Home  Audb  Sv&tfHns  ?B6  p  1 36  4  £$ 

67— Elements  a1  Tape  Recorder  Cmtiuus  22J  p  14£  .;  S4  95 

04?— Jap  Radio.  Recoro  £  Tape  Player  Service  Manual  228  p  $6.9$ 
86 — Inslfltling  Hi-Fi  Systems'  224  p  152  H  $$  95 

6^-5crvicrn;i  Record.  Chjnqefs  254  p  i73  it _  S5  95 


SEMICONDUCTORS.  TUBES  St  TRANSISTORS 


t016— Towers  Internationa.!  FET  SoiMtbr  1 40  p 
1010— Towers  1  me,-  TranaisloftSetector  200  p  119-1  f  *  TO" 
856-  Masier  OR  AMP  Appt  oat.Oiii  r-tandwoh  476  p  320  rl 
y$0  IC  Function  iocalgr  ??4  p 
9SJ  -CMOS  DnitdbCtok  266  p  2  70  >1 
670  -Master  Tube  Subsl.lulon  HandtKtok  $4fl  p  322  .1 
9 rB  Matter  Tmnsislor  IC  Substilution  Handbook  518  p  1$5  il 

71  -  T'ansstei  Theory  toi  T e,;ihr„c .3^5  A  Eng'S  224  0  116  rl 

936  -Linear  iC  Applm^l-nns  HandbOdx  28Q  p  1=B3  >1 
4  R-  Ttontiirijj  CucyH  Guidebaok  ??u  p  118  il 
~94  MiptaetoctYorwcs  26E  p  228  a 
"Q8  -  Modern  AppiiLa!toin&  o(  Linear  tC  s  2?6  p  301  a 
Bl*  UntJ&r  ii  a  ndm  g  SoLd- Stole  Circuits  192  p  104  ■' 

1  is  Gotlmg  Surteo  wntl'  Transistors  t&0  d  90  -i 


ENGINEERING  &  REFERENCE 


TQ35 — instrumentations  Co^ltol  Svs  Enq  Ffdbfc  434  p  104  i< 
929— Sona  Sla to  Motor  ConUols  322  p  162  ir 
7A2— Prtjt  Etoctocai  Etoctr  Engr  s  Liconse  Siitoy  Guide  J76  p 
750— Ekeclronto  Conversions  Sy mitoi^  £  Formulas  ??4  p  4$  ,i 
B?9—  lmp^danc:e  t96  p  90  4 

77a.  -Digiiat  Log-c  EleClfpnips  Handbook  300  a  226  ii 
1 18— Eieclrorucs  Data  Handbook  256  -p  n  &  1 
101  —  Electron  IC  Circuit  Desrgn  HdC-:  Jin  EdiLon  4  16  p  966  n 
125  ’Handtocm.  o*  Elecirpn.ic  T  a  tries  22a  p  15  ,1 


MODEL  RADIO  CONTROL 


■  1 3$ — RgdtoConlrgl  Manual — Sys  .Circdits.Consi  —3rd  Ed  258  p  S5  9il 
825— Flu  mg  Model  Arrptones  Her*copierS  Dy  RC  T9?  p  140  it  £4.95  ■ 
747  -rc  Modeler  s  Handbook  of  Gliders  £  Sadptones  ig&  p  9C  j  $4.95  ■ 
812 — Radio  ConLrnt  tor  kAbdtis  350  p  41 7  il  S6  95 

693  Model  Sail  £  Power  Boalinq  by  Remolo  Control  192  &  125  4  14.95  ■ 

12?  -Aovanced  Radio  ComifCit  19?  p  ifli  n  $^.95  m 

--Model  Rndro  Control  f92  p  192  >1  14.95  m 


BROADCAST.  CATV.  CCTV  S,  VIDEOTAPE 


S4  95fl 

56  95_ 
$9  95  ■ 
£5  95  ■ 
66  95  m 
£4  95  ■ 

57  95  ™ 
$5  95  ■ 
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865  CATV  Piognam  CJriginjSHn  £  ProdutMuOn  256  p  64  il 
ati^Campieie  Hdwt  01  Videocaisette  Rscoidtrs  260  p  t60  4 
852-Bcast  Engr  £  Maintenance  Hdbk  $3?  p  235  <1 
015—  D(W  Maintain  CATV'Simaii  TV  Stud-o  286  p  >00  ii 
1009 — CCTV  Installation  Maintenance  £  fttpa'r  294  p 
773 — Talk  Back  TV  Two-Way  Cable  Tetovis*on  236  p  64  <i 
835 — Complete  Broadcast  Anienna  HandbOfiN  448  p  308  it 
657 -MAT V  Syilems  Handbook  i76  p  91  rl  _  __ 

52 j— Guide  to  Radto-TV  B  cast  Engmoenng  Praci,2fl8  P  140  '»  St?  95 

733— 0>f eeltofl  ai  Broadtail  Antennas  210  p  60  *i  $12  05 

5S7  — How  To  Become  A  Radro  Di$c  Jockey  256  C  36  il  £12  95 

845— Mow  IQ  Prepare  a  Produclion  fludgel  F.|m  £  Videotape  $>2  95 

5*t  -  Videotape  Pnpd  6  Cd.mm  Techniques  258  p  I0o  ii  £i?  95 

793— TV  LiqbSmg  HandtKrok  226  p  230  rl  S>?  95 


COLOR  TV  SCHEMATIC  SERVICING  MANUALS 
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$1995 
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64 1  Admiral  Vat  2  195  p  ’i  sc:nomal>cs 
74  e  -Air  line  I  Montgomery  Warpj  1$5  p  1?  SCAema  lrG5 
$36--G*nfltal  Eleciihc  VO'  1  19&  p  12  scrip  rfiaipc£ 

809— Gflnefai  E'lectoc  VQ"  2  2i2  p  16  5CfidrT.ariCi 
— General  EreCTriC  Vai  3  106  p 
580— Jap  Vqi  e  —  Sony  Stto'p  M<dland2>2p 
$76 — Jap  Vol  2  — Ddimpnco  Huacru  Panaivpn^  i^tt  ?'?c 
684— Japanese  Vw  3— Hitacbi  Sanyo  Conmado  228  p 
692  -  Japanese  VO‘  4-Sbfirp  Mial  anu  MGA236  ti  36  p  f 
700 — Japanese  VqI  5— Sony  i9G  p  36  p  fDiopui 
525— Magnavo.  Vor  t  i9£p  i?  ictiemaircs 
599— Maqn*unn  Vo?  ?  198  p  9  y:Tiematica 
;70--Magnauo*  Voi  3  196  p  36  p  schemaEic  toidout 
$09 — Motorola  Vdi  1  178  p  &  schema  1*5 
$84— Motorola  vo’  2  i96p-  9 'schemaivcs 
522— Phi  ico  196  p  f  2  schematics 
496— RC  A  Voi  i?t?p  12  schematics 
579 — RCA  Vo'1  2  2 1 2  p  t?  iithemat.es 

720 —  RCA  VqL  3  19&P  12  scbempltcs 

721 - RCA  VdI  4  108  p  12  sefiomaws 

822—  RCA  Vpl  5  196  p  36  p  5cn0rF.an,;  waton 
740— Sears  228  p  i2  schematics 
619— SyLtanii*  Vqi  2  2l3  p  8  scihemaKs 
76Q— Toshiba  100  p.  12  4chernat.es 
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CB  &  HOME  AUDIO  SCHEMATIC  SERVICING  MANUALS 


'  cpj u^ir  iiuva  sipv  y  an-Mici  ■  itiMt  a 

$7  95  502  -“Zerntn  Vd  i  s  96  p  >2  schematics 
582— Zemin  Vpl  2  198  p  >2  sthemancs 
G&$—  Zemth  VdJ  3  tB0p  36  p  schema  I  ic  roidout 
83B--Zemth  Voi  a  106  p  36  p  schema  he  foldout 
919— $tf Cinq  Zernlh  TV  Modules  200  P  Over  ?QQ  rl 


TV.  RAOTO  4  ELECTRONIC  SERVICING 


10S2  -  Tv  F.eld  A  Bonpt!  Serv<e?  s  HafMlbOQk  303  p  >57  , 1 
1119-  Goto.  T  v  Trouble  — Aim  Ed-hon  532  p 

■  023--Hnw  To  Repair  Video  Games  270  p..  i$2  .i 
939—  Mi  ’bk,ei  Manne  E  lectronic  A  Elecir-eel  Sy  stems  546  e 
901  —GET  License  Randbook-Snd  Edilmn  4Jfl  p  16&  .i 
821  — TV  Trc-utneshooterg  Han0bctok-3rg  Ed  Ug  p  300  11 
563— Beginner  s  Guide  lo  Tv  Repan  1 76  p  50  ^ 

958— fire  S  Thift  Security  Sy5iem$-2rnj  Ed  192  p  10B  ,1 
B76— Color  TV  Case  Histories  Illustrated— Vo'  2  352  p  243  a 
748— Color  TV  Case  Histones  ilttistraied  238  p  219 11 
80&— Photo  Guide  Soud-Stale  Colo?  Tv  Troubles  224  p  169  ' I 
r  72 — T roubieshoolmg  wuu  the  Dual-Trece  Scope  2£4  p  232  ii 
"38—  TV  Schematics  Readmq  Between  the  Unes  252  p  180  .1 
605—  Install  SYCmg  Er^.r  Protactoe  Systems  252  p.gueMtU  . 

696— TV  Tuner  SctiemglHr  Servicing  Manua'  VcJ.  1  224  p  287  il 
979 — TV  Tiiner  Sciiem3lic.’Seniicmq  ManUaFVot  2  200  p,  374  || 

690— LugiCpI  Color  Tv  T'QuDtoShQQtinq  240  p  151  <1 
5$9  -  190  TV  Tough- Dog  Problem^  Solved  252  p  i|< 

560  Vtorjerr-  Radio  P&piiH  T echnigijes  260  p  20"  ■' 

53?  How  in  R^jan  Sokl-Stsfa  impons  192  p  8  -  n  i?2 

64  4  -P'Ctof it'll  Gu.oe  lo  Color  Tv  Cirtij.r  Tinubltrs  TT  ?6J2  I i 
J&4— TV  Servicmg  GutoObOOk  176  o  1 10  4 
76 1  Jacn  Djr'  "•  S(?r’..'C-e  Ckn*e  No  3  2"52  p  122  4 
133— Jjick.  O.i'r  s  Service  Clmc  No  1  19£  p  125  it 
4?6  P'ripomT  TV  Troubles  n  r0  Mm,j(e&  32 7  p  394  1? 

882  TV  .SQn,'cing  Techrupues  228  p  77  h 

43c — P"  niw.nl  Transistor  Trouttos  in  ?2  MmuteS  49?  p  2*3  ■■ 

$95—199  Cbtof  TV  7r0jpir»5,  £  SomiHjns  2?.:  p  S  "6  .1 
$07-  101  TV  WjbteS-Ftofn  Symptom  id  Repair  2 74  p  >70  '1 
0i A—  Tihcojmg  Soi.d-Staii  E'K-r  Power  Supffiiei  >9?  p  35.' 

77 U  Small.  Striven.  TV  Serv.Ciog  VdYiuai  240  [■  36’  il 
653  -T  ^tigging  Sol'd  Stole  Wave  Gen  £  &tiapinq  Cues 
63&  Jn^ijl'inq  ‘ V  i  FM  Amennas  166  p  1$8  ,( 

635  -VhF  UHr  fir,-  Ppi.ee  Hnm.  ScannErY,  Ser  Manuaf  256  p 
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10-DAY  FREE  TRIAL— NO  RISK  COUPON 


Pisase  send  me  the  books  indicated  below 

□  l  enclose  % _  Send  postpaid 

□  invoice  me  on  1  D-day  inai  (plus  shipping) 

Book  a  Book  B  Book  «  Book  * 


-  Aula  StfiflO  Sl'rviCi-  It  (nsldtllalton  252  a  246  ,- 


£5  9$ 
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Name  _ 
Company . 


Address. 


Phone 
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.State , 


.Z,p. 


Pa,  add  6^  Sales  tax.  All  orders  ouiitde  USA 
must  add  iStf  shipping  and  de  ptepaia 
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CinCLENO.  52 ON  FREE  INFORMATION  CARO 


NRI  training  in  T  V 
and  Audio  Servicing 
keeps  up  with  the 
state  of  the  art. 
Now  you  can  learn  to 
service  video  cassette 
and  disc  systems. 


RUSH  THIS  POSTAGE-PAID 
CARD  FOR  YOUR 
FREE  CATALOG. 

NO  SALESMAN 
WILL  CALL. 

NEW  FROM  NRI  .  .  . 

•  TV/Aud*o  Servicing  courses  now 
indude  video  tape  and  disc  system 
servicing  lessons 

•  All-new  Computer  Electronics 
courses  with  designed-far*  I  earning 
microcomputer  you  build  and  keep 

•  New  Professional  Appliance  Servicing 
courses  with  training  in  solid-state  and 
electronic  controls 

•  Complete  Communications  course  with  | 
digitally  synthesized  transceiver  you 
assemble  as  you  learn 


Name 


pteise  Print) 


City  Slele  Zip 

Accredited  by  the  Accrediting  Commission  of 
the  National  Home  Study  Council 
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□ 


□ 
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CHECK  ONE: 

Color  TV,  Audio,  and  Video 
System  Servicing 
Computer  Electronics 
Including  Microcomputers 
Communications  with  CB  * 
Complete  Communications 
Electronics  *  FCC  Licenses  * 
Aircraft  Electronics  *  Mobile 
Communications  ■  Marine 
Electronics 
CB  Specialist  Course 
Amateur  Radio  *  Basic  and 
Advanced  Courses 
Industrial  &  Business  Elec¬ 
tronics  *  Digital  Electronics  * 
Electronic  Technology  *  Basic 
Electronics 

Small  Engine  Servicing 


Electrical  Appliance  Servicing 


Automotive  Mechanics 


Age 


□ 

□ 


Auto  Air  Conditioning 
Specialist 
Air  Conditioning, 
Refrigeration,  Heating  and 
Solar  Technology  Courses 


All  career  courses  approved 
under  Gt  Bill.  "Check  for  facts. 
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POPULAR  ELECTRONICS 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


BUSINESS  REPLY  CARD 

FIRST  CLASS  PERMIT  NO.  20-R  WASHINGTON.  D.C. 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

NRI  Schools 

McGraw  Hill  Continuing 
Education  Center 
3939  Wisconsin  Avenue 
Washington,  D.C.  2001 S 


You  build  color  TV,  hi-fi,  professional  instruments. 

|  Now,  in  addition  to  learning 

color  TV  and  audio  systems  servicing, 
/  you  get  state-of-the-art  lessons  in 
maintaining  and  repairing  video  cas¬ 
sette  recorders,  playbacks  and  the 
amazing  new  video  disc  players,  both 
mechanical  and  laser-beam  types. 


hr 


t 

5^ 
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Learn  at  Home 
in  Your  Spare  Time 

And  you  learn  right  at  home, 
at  your  own  convenience,  without 
quitting  your  job  or  going  to  night 
school.  NRI  “bite-size”  lessons 
make  learning  easier. . .  NRJ 
.  “hands-on”  training  gives  you 
r  practical  bench  experience  as  you 
progress.  You  not  only  get  theory, 
you  actually  build  and  test  electronic 
circuits,  a  complete  audio  system, 
even  a  color  TV. 


Build  Color  TV, 
4-Channel  Audio 

As  part  of  your  training  in 
NRI’s  Master  Course  in  TV  and 
Audio  Servicing,  you  actually  as¬ 
semble  and  keep  NRI’s  exclusive, 
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designed-for-learning  25”  diagonal 
color  TV.  As  you  build  it,  you  intro¬ 
duce  and  correct  electronic  faults, 
study  circuits  to  gain  a  better  under¬ 
standing  of  what  they’re  for  and  how 
they  interface  with  others. 

Likewise,  as  part  of  your  audio 
training,  you  construct  a  4-channel 
stereo  amplifier  and  tuner,  complete 
with  cabinet  and  speakers.  You  even 
assemble  professional-grade  test  in¬ 
struments,  so  you  know  what  makes 
them  tick,  too.  Then  you  use  them  in 
your  course,  keep  them  for  actual  TV 
and  audio  servicing  work. 


That’s  because  you  can’t  beat 
the  training  and  you  can’t  beat  the 
value!  For  hundreds  of  dollars  less 
than  competing  schools,  NRI 
gives  you  both  color  TV  and 
audio ...  and  now  includes 
training  in  video  cassette  and 
disc  systems.  Send  for  our  free 
catalog  and  see  for  yourself 
why  NRI  works  for  you. 


NRI  Includes 

the  Instruments  You  Need 

You  start  by  building  a  transis¬ 
torized  volt-ohm  meter  which  you  use 
for  basic  training  in  electronic  theory. 
Then  you  assemble  a  digital  CMOS 
frequency  counter  for  use  with  lessons 
in  analog  and  digital  circuitry,  FM 
principles.  You  also  get  an  integrated 
circuit  TV  pattern  generator,  and  an 
advanced  design  solid-state  5”  trig- 
gered-sweep  oscilloscope.  Use  them 
for  learning,  then  use  them  for 
earning. 

NRI  Training  Works. . . 
Choice  of  the  Pros 

More  than  60  years  and  a 
million  students  later,  NRI  is  still  first 
choice  in  home  study  schools.  A  na¬ 
tional  survey  of  successful  TV  repair¬ 
men  shows  that  more  than  half  have 
had  home  study  training,  and  among 
them,  it’s  NRI  3  to  1  over  any  other 
school.  (Summary  of  survey 
on  request.) 


Other  NRJ  training  includes  Computer  Technology, 

Complete  Communications  Electronics. 

Free  Catalog... 

No  Salesman  Mil  Call 

Our  free  100-page  catalog  com¬ 
pletely  describes  all  the  equipment  and 
every  lesson.  You  can  choose  from  five 
different  TV  and  audio  courses.  Or  ex¬ 
plore  the  opportunities  in  other  NRI 
home  study  courses  like  Computer 
Technology,  CB  and  Mobile  Radio, 
Aircraft  and  Marine  Radio,  or  Com¬ 
plete  Communications.  Send  the 
postage-paid  card  today  and  get  a 
head  start  on  the  state  of  the  art. 

If  card  has  been  removed, 
write  to: 

NRI-Schools 

McGraw  Hill  Continuing 
Education  Center 
3939  Wisconsin  Ave. 

Washington,  D.C.  20016 
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Stereo  Scene 


MUSIC  AND  NOISE 


By  Ralph  Hodges 


In  continuing  the  coverage  of  New 
York  s  annual  Audio  Engineering  So¬ 
ciety  Convention  begun  last  month,  I  am 
forced  into  a  few  arbitrary  decisions. 
First  of  all,  it  is  the  technical  papers  that 
were  delivered  throughout  the  conven¬ 
tion's  four  days  that  will  receive  virtually 
alt  my  attention.  Equipment  was  also  on 
display,  but  for  the  most  part  it  was  stu¬ 
dio  gear  that  was  of  prime  interest  to 
working  audio  professionals,  many  of 
whom  were  presumably  on  hand  to  see 
it  for  themselves.  Secondly,  it’s  neces¬ 
sary  to  select  the  papers  discussed;  it 
would  be  impossible  to  comment  even 
briefly  on  all  of  them. 

So  the  following  criteria  will  apply,  in 
no  particular  order  of  precedence:  {1) 
papers  dealing  with  products  of  interest 
likely  to  be  accessible  to  the  consumer; 
(2)  tutorial  papers  concerned  with  issues 
and  answers  bearing  directly  on  home 
music  reproduction;  (3)  papers  likely  to 
interest  the  electronics  enthusiast;  (4) 
papers  I  was  able  to  hear  delivered  (all 
too  few);  and  (5)  papers  l  at  least  partial¬ 
ly  understood  (fewer  still). 

Over  recent  years  the  treatment  of 
subjects  within  the  various  branches  of 
audio  has  become  vastly  more  rigorous 
and  specialized.  For  the  most  part,  the 
rigor  is  welcome,  and  it  will  surely  bring 
benefits  in  better  hardware  and  software 
and  more  refined  thought  about  making 
it  better  still  (i.e,.  more  appropriate  to  its 
somewhat  baffling  task).  But  the  special¬ 
ization  is  less  fortunate.  Not  everyone 
has  an  everyday  acquaintance  with  all 
areas  of  applied  and  theoretical  math¬ 
ematics,  statistics,  computer  theory,  in¬ 
strumentation,  circuit  analysis,  etc.  IE‘s 
amusing  to  see  expressions  of  shocked 
recognition  and  then  consternation 
cross  the  faces  of  auditors  of  some  of 
these  papers  as  they  suddenly  realize 
that  the  involved  technical  discourse 
they're  struggling  to  follow  is  actually 
background  on  a  completely  familiar 
mechanism  couched  in  terms  of  a  com¬ 
pletely  unfamiliar  conceptual  model. 
Here,  as  everywhere  else,  we  need 
standardization.  But  we  do  our  best. 


Noise-  Evidently,  we  get  a  certain 
amount  of  noise  in  audio  systems  be¬ 
cause  God  meant  us  to.  But  the  rest  of  it 
is  there  because  of  our  own  ignorance 
and/or  oversights.  It  can  be  attacked  di¬ 
rectly  and  successfully,  however,  as  Apt 
Corporation's  Tom  Holman  has  done  in 
his  latest  paper  (preprint  no.  1428,  avail¬ 
able  from  the  Audio  Engineering  Socie¬ 
ty,  60  East  42nd  Street.  New  York,  N,Y. 
10017,  for  $2,00).  This  is  a  rulebook  for 
designing  against  noise  in  the  input 
stages  for  phono  cartridges  and  tape 
heads,  with  some  very  authoritative 
commentary  on  noise  measurement  and 
the  subjective  appraisal  of  noise. 

As  Holman  points  out,  some  sorts  of 
noise  in  "  trickle"  amounts  are  not  neces¬ 
sarily  unpleasant  to  music  listeners,  (A 
little  hiss  in  a  stereo  system  seems  to  be 
attractive  to  some  people,  for  who- 
knows-just-what  reason.  The  most  so¬ 
phisticated  explanation  1  have  heard  is 
that  it  is  random-phase  between  the 
channels,  and  is  therefore  "spacey.") 
Furthermore,  the  paper  makes  at  least  a 
beginning  at  reconciling  the  existing  sta¬ 
tistical  data  on  human  reaction  to 
noise^mosl  of  it  dealing  with  noise  de¬ 
tection.  annoyance  value,  and  acoustic 
trauma— with  a  llstening-for-pleasure 
situation,  where  the  criteria  may  not  nec¬ 
essarily  be  the  same.  In  short,  if  you  are 
interested  in  designing  against  noise 
(preferred  choice  of  semiconductor  de¬ 
vices  and  circuit  configurations  for  a  giv¬ 
en  application),  finding  out  how  it  might 
be  most  validly  measured,  and  learning 
how  much  we  actually  do  know  about 
noise  and  human  beings,  it  is  here,  neat¬ 
ly  researched  and  organized, 
ff  you're  not  interested  in  anything 
about  noise  except  its  elimination,  Rich¬ 
ard  Burwen  presented  a  description  of 
his  current  "Transient  Noise  Eliminator" 
that  reveals  the  device  as  being  some¬ 
what  more  complex  than  many  had  sus¬ 
pected,  The  Burwen  TNE  is  one  of  those 
outboard  processors  intended  to  combat 
ticks,  pops,  and  scratches  on  phono¬ 
graph  records.  His  approach  has  long 
been  recognized  as  somewhat  more 


musically  acceptable  than  others  for  mi¬ 
nor  but  rapidly  repeating  groove  ir¬ 
regularities  such  as  might  be  caused  by 
"non-fill”  of  vinyl,  damage  from  a  mis- 
tracking  phono  stylus,  or  concentrations 
of  dust,  etc.  (Some  alternative  devices 
have  been  found  almost  completely  ef¬ 
fective  against  deep  once-around 
scratches,  but  on  densely  packed 
groove  abrasions  the  sound  becomes 
hashy.)  In  the  Burwen  unit,  signals  are  in 
effect  processed  in  two  frequency 
bands,  subject  to  the  guidance  of  a  con¬ 
trol  circuit  that  compares  inputs  from  the 
two  channels.  One  of  the  frequency 
bands  is  full-range,  and  its  output  is  the 
normal  output  of  the  device  when  there 
is  no  transient-noise  disturbance.  The 
other  band  is  limited  to  300  Hz,  and  its 
output  signal  is  substituted  for  the  nor¬ 
mal  one  when  a  tick  or  pop  occurs  to  fill 
in  for  Interruption  of  the  full-range  signal. 
Whether  the  output  signals  are  full- 
range  or  band-limited,  they  are  subject¬ 
ed  to  a  40-p,s  analog  delay  to  give  the 
control  circuit  time  to  detect  and  act. 

The  control  circuit  consists  of  a  differ¬ 
ential  op  amp  that  receives  the  inputs  of 
both  left  and  right  channels.  The  differ¬ 
ential  information  is  rectified  after  pass¬ 
ing  through  a  bandpass  filter  (15,000  to 
50,000  Hz)  and  then  split  into  two 
branches,  one  of  which  passes  through 
a  250-Hz  low-pass  filter,  ultimately  to 
join  the  other  at  a  comparator  stage.  Af¬ 
ter  a  suitable  delay  (necessary  to  give 
the  audio  signals  time  to  "catch  up"  with 
he  control  signals),  the  comparator  acts 
to  switch  audio  outputs  to  the  full-range 
or  band-limited  signal  paths.  The  Tran¬ 
sient  Noise  Eliminator  "punches  holes" 
in  the  music  signal  of  usually  no  more 
than  1  millisecond's  duration,  and  this  is 
said  to  be  responsible  for  its  claimed 
lack  of  audible  side  effects.  Burwen 
does  not  say  that  the  design  Is  perfect, 
but  he  does  say  that  on  those  few  occa¬ 
sions  when  it  acts  under  the  stimulation 
of  a  sharp  transient  in  the  program 
material  (as  opposed  to  a  sharp  "snap" 
from  a  defective  disc  surface),  its  only 
effect  is  to  chop  off  the  leading  mil¬ 
lisecond  of  the  music  waveform.  The 
sound  of  the  chop  is  at  least  as  sharp  as 
the  sound  of  the  leading  edge  of  the 
waveform  should  have  been  if  heard,  so 
presumably  no  harm  is  done. 

Music,  Somewhat  of  a  surprise  entry  at 
the  convention  was  a  paper  by  the  emi¬ 
nent  J.  Robert  Ashley,  denouncing  (al¬ 
beit  somewhat  reluctantly  and  remorse¬ 
fully)  the  current  trend  to  in-the-round 
concert  hails.  \  had  not  realized  that 
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Australia's  architecturally  splendid  Syd¬ 
ney  Opera  House  incorporated  a  “360- 
degree’1  hall.  It  does,  however,  and  Dr, 
Ashley  brings  bad  news  from  that  conti¬ 
nent,  as  well  as  from  his  home  city  of 
Denver,  where  an  acoustically  similar 
experiment  has  been  erected. 

As  you  might  expect,  the  major  prob¬ 
lem  with  in-the-round  concert  environ¬ 
ments  is  a  lack  of  early  reflections  from 
nearby  sound-reflecting  surfaces  (be¬ 
cause  there  aren't  any)  and  an  abun¬ 
dance  of  later-arriving  reflections,  some 
of  them  so  discrete  and  delayed  as  to 
amount  almost  to  echoes.  Speech  inteh 
ligibility  is  often  impaired  If  not  destroyed 
for  many  seats  in  the  auditorium,  and 
there  is  a  characteristic  lack  of  warmth 
to  the  musical  sound  resulting  both  from 
the  lack  of  acoustical  support  for  lower 
frequencies  and  the  diffused,  almost  in¬ 
coherent  sounds  of  higher-pitched  in¬ 
struments  such  as  violins.  There  is  also 
difficulty  with  orchestra  members  hear¬ 
ing  each  other  well  enough  to  achieve 
good  ensemble,  (You  can  hear  many  of 
these  effects  on  records — even  on  some 
made  in  such  a  distinguished  acoustical 
environment  as  Boston  Symphony  Hall. 
Periodically,  it  has  been  the  practice  of 
recording  engineers  to  bring  the  orches¬ 
tra  off  the  stage  and  out  into  the  seating 
section  where  nearby  reflecting  surfaces 
are  absent.  The  result  is  too  few  early 
reflections  and  too  many  late  ones.) 

Even  if  we  don’t  have  the  opportunity 
or  inclination  to  visit  concerl  halls,  we 
ought  to  be  concerned  about  their  qual¬ 
ity,  because  they  also  serve — or 
should— as  recording  studios  for  their 
resident  orchestras.  If  they  can’t  hack  it, 
recording  engineers  will  immediately 
turn  to  close  miking  and  an  overlay  of  ar¬ 
tificial  acoustics  created  by  reverb  de¬ 
vices  (often  they  do  so  anyway),  and  lis¬ 
teners  to  recorded  music  become  the 
poorer  for  it.  I'd  like  to  thank  Dr.  Ashley 
for  his  timely  if  reluctant  outburst. 

Another  surprise  paper,  “Evaluating 
the  Influence  of  Room  Acoustics  on  L/R 
Stereo  Perception,”  was  presented  by 
the  eminent  Emory  Cook  Harking  back 
lo  some  of  his  earlier  schemes  for  audio¬ 
system  evaluation,  Mr.  Cook  has  come 
up  with  an  "auditory  code”  (a  test  signal 
easily  qualified  and  quantified  by  the  hu¬ 
man  ear  alone)  to  grade  the  success  of 
a  stereo  system  in  presenting  a  stable 
stereo  image  to  various  locations . 

A  tape  is  made  of  interrupted  bursts  of 
third-octave-band  noise,  the  bursts  fol¬ 
lowing  a  dot-dash  (as  in  Morse  code) 
pattern  on  one  channel  and  a  dash-dot 
sequence  on  the  other  Cook  suggests 
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sixteen  noise  bands  in  all,  with  center 
frequencies  ranging  from  180  to  5,747 
Hz  For  each  of  these  bands,  and  for 
each  of  the  possible  listening  positions 
in  the  room,  either  one  channel  (dot- 
dash)  or  the  other  (dash-dot)  Is  likely  to 
predominate.  If.  of  course,  the  balance 
of  the  system  is  virtually  perfect  for  the 
band  of  frequencies  and  the  location,  a 
smooth,  uninterrupted  rush  of  noise  will 
be  heard  if  the  tape  is  properly  recorded, 

Mr.  Cook  does  not  give  many  details 
on  how  the  tape  ought  to*  be  recorded 
(presumably,  one  just  switches  the 
noise  generator  between  tape-recorder 
channels  to  create  the  properly  inter¬ 
leaved  pulse  sequences?),  but  he  does 
offer  a  computer  program  to  assist  in 
sorting  out  the  considerable  pile  of  data 
that  will  result  if  this  project  is  carried 
through  in  the  grandest  possible  style. 

Tape  Recorders.  Looking  at  magnet¬ 
ic  recording  systems  other  than  the  digi¬ 
tal  devices  discussed  last  month,  we 
find  that  there  is — or  is  soon  to  be — a 
semiprofessional  open-reel  tape  ma¬ 
chine  with  automatic  bias  and  recording- 
equalization  adjust  functions  that  are 
bursting  out  all  over  on  cassette  decks. 
The  relevant  paper  was  prepared  by  a 
quartet  of  engineers  from  Matsushita 
Electric  (Panasonic  and  Technics  by 
Panasonic)  in  this  country,  and  the  tape 
machine,  the  Technics  RS-1800,  is  a 
fabulous  conglomeration  of  the  Isolated- 
loop  transport,  numerous  microproces¬ 
sor  functions  involving  digital  readout  of 
real-time  tape  indexing,  speed  and 
speed  deviation,  and  tension  sensing  for 
control  of  reel-motor  torque. 

The  paper  s  translation  problems  from 
Japanese  into  English  make  me  reticent 
about  discussing  it  in  depth,  but  it  at 
least  appears  that  the  adjustment  func¬ 
tions  are  carried  out  in  much  the  same 
way  as  they  are  in  the  equivalent  cas¬ 
sette  decks.  Bias  is  set  for  maximum 
output  from  the  tape  at  a  certain  refer¬ 
ence  frequency,  and  then  recording 
equalization  is  set  for  flat  frequency  re¬ 
sponse  (within  -iG.5  dB)  on  playback. 
The  whole  adjustment  process  is  pro¬ 
grammed  into  memories  within  the  ma¬ 
chine.  and  it  requires  no  work  from  the 
user  other  than  the  punching  of  a  button 
to  initiate  the  sequence.  The  paper  (pre¬ 
print  no.  1387)  is  the  lengthiest  and  most 
complete  I've  seen  on  the  design  of 
such  adjustment  systems,  with  particu¬ 
lar  emphasis  on  the  problems  caused  by 
tape  dropouts.  But  it  does  strike  me  as 
being  perversely  complex  in  its  ap¬ 
proach  to  a  subject  that  Is  really  not  all 


that  difficult  (I  suspect  its  principal  au* 
thor  is  some  years  closer  to  a  university 
classroom  than  I), 

Record  Players.  Another  Japanese 
quartet,  this  one  from  Sansui  and  head¬ 
ed  by  the  also  eminent  Dr,  S,  Takahashi 
of  QS  fame,  has  concluded  that  the  po¬ 
sition  of  the  cartridge  stylus  in  a  record 
player's  tonearm  should  correspond  as 
precisely  as  possible  with  the  arm's  cen¬ 
ter  of  percussion.  I’ll  leave  it  is  an  exer¬ 
cise  for  tonearm  zealots  (of  which  I  am 
certainly  one)  to  discover  exactly  what 
the  center  of  percussion  is.  But  suffice  it 
to  say  that  it  is  that  part  along  the  length 
of  a  baseball  bat  that  you  should  en¬ 
deavor  to  bring  into  contact  with  the  ball 
if  you  don’t  want  your  hands  to  experi¬ 
ence  a  sharp  stinging  sensation* 

The  argument  makes  sense  as  far  as 
it  goes.  It  is  certainly  true  that  a  stylus  lo¬ 
cated  at  the  center  of  percussion  is  least 
likely  to  be  affected  by  agitations  at  the 
tonearm  pivot  area,  such  as  are  likely  to 
be  caused  by  acoustic  feedback  cou¬ 
pling  with  the  motorboard-  Conversely, 
such  gyrations  a$  the  cartridge  and  as¬ 
sociated  parts  perform  as  they  traverse 
the  record  are  least  likely  to  play  hob 
with  the  pivot  assembly,  should  it  have  a 
little  too  much  mechanical  play  or  other 
form  of  instability. 

Unfortunately,  locating  the  center  of 
percussion  at  the  stylus  tip  seems  to  in¬ 
volve  bringing  the  center  of  mass  of  the 
whole  tonearm  system  well  out  and 
away  from  the  pivot  assembly — a  loca¬ 
tion  in  which  you  certainly  don't  want  it  if 
you'd  tike  to  make  a  success  of  playing 
warped  records.  True,  some  tonearm 
designers  are  willing  to  put  up  with  such 
high  inertia  to  realize  other  theoretical— 
and  even  measurable — benefits.  But 
others  aren't.  It  will  be  interesting  to  see 
how.  Sansui  s  concept  fares  in  competi¬ 
tion  with  the  latest  low-mass  arms. 

Gelling  Smart.  I  am  out  of  page 
space,  with  at  least  a  dozen  more  pa¬ 
pers  worthy  of  comment  unrepresented. 
Many  of  them  will  fit  logically  into  future 
columns  and  will  there  appear  as  au¬ 
thoritative  sources.  But  the  ones  I  miss 
are  also  available  as  preprints  from  the 
Audio  Engineering  Society.  (A  “preprint" 
is  a  usually  legibly  produced  version  of 
the  author's  paper  made  available  be¬ 
fore  he  reads  it  at  the  convention.  Many 
of  the  best  papers  turn  into  articles  in  the 
society's  Journal,  but  some  don't)  A 
simple  request  to  the  AES  (enclose 
SASE)  will  bring  a  list  of  available  pre¬ 
prints  to  you.  Prices  average  $2,00  O 
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Philips  Model  AF877 


semiautomatic  belt-driven 
record  player  features 
"direct  control"  drive 


The  new  Philips 
Model  AFB77  two- 
speed  semiauto- 
malic  record  play¬ 
er  employs  a  "Di¬ 
rect  Control"  (not  "direct  drive")  drive 
and  speed  control  system  Its  cast 
aluminum  1 2"  (30.5-cm)  platter  is  belt- 
driven  by  a  dc  servo  motor.  The  cor¬ 
rective  feedback  voltage  for  the  mo¬ 
tor’s  servo  loop  comes  from  a  tach- 
ometer  generator  on  the  platter’s 
shaft.  (As  a  rule,  tachometer  feedback 
in  record  player  servo-motor  systems 
comes  from  the  motor  shaft.)  Belt  slip¬ 
page  can  occur  under  conditions  of 
heavy  loading,  such  as  when  using 
some  record  cleaning  devices,  and 
short-term  belt  stretching  can  cause 
wow  and  flutter  Hence,  Philips  has 
logically  chosen  to  maintain  a  con¬ 
stant  platter  (record)  speed  instead  of 
a  constant  motor  speed  with  the  "Di¬ 
rect  Control"  system. 

The  Model  AF877  includes  an  at¬ 
tractive  bnjwn  base  with  a  hinged  tint¬ 
ed  plastic  dust  cover  that  remains 
open  at  any  angle.  With  the  cover 


down,  the  player  measures  I6ki"  W  k 
13WD  x  5  W’H  (42  >  34.0  X  14.1 
cm)  and  weighs  12.8  lb  (5.8  kg).  Sug¬ 
gested  retail  price  is  $249.95. 

General  Description.  The  34- 

ounce  (about  1  -kg)  platter  rests  on  a 
smaller  inner  platter  that  is  driven  by  a 
flexible  belt  The  tachometer  disc, 
which  resembles  a  toothed  gear,  is  on 
the  platter's  shaft,  beneath  the  motor- 
board.  The  disc  generates  a  voltage  in 
coils  surrounding  it  in  proportion  to  the 
rotation  speed  of  the  turntable.  This 
voltage  is  converted  to  dc,  which  is 
compared  to  a  stable  dc  reference. 
The  amplified  difference  is  the  drive 
signal  for  the  turntable  motor 
The  motor  controls  are  electronic 
touch  contacts,  similar  to  those  used 
on  other  recent  Philips  turntables 
Two  are  for  selecting  either  the  33  H- 
or  45-rpm  speed  (which  simultane¬ 
ously  turns  on  the  motor)  and  one 
stops  the  motor.  The  fourth  is  a  re¬ 
ject  control,  that  raises  the  tonearm 
and  returns  it  to  its  rest  before  shutting 
off  the  motor.  This  action  also  occurs 


automatically  at  the  end  of  a  record, 
but  the  initial  start-up  and  cueing  of 
the  tonearm  must  be  done  manually. 
At  I  the  motor  controls  are  grouped 
near  the  right  front  of  the  motorboard. 

Behind  the  on  contacts  are  two 
small  knobs  for  adjusting  each  speed 
over  a  limited  range  of  nominally 
±3%.  The  speed  is  continuously  mon¬ 
itored  on  an  array  of  nine  red  LEDs 
that  come  on  sequentially  with  each 
1%  increment  on  either  side  of  the 
nominal  speed,  (The  center  LED 
glows  when  the  turntable  speed  is  ex¬ 
actly  at  the  selected  speed.)  The  dis¬ 
play  is  much  more  visible  and  easily 
interpreted  than  the  usual  strobo¬ 
scope  markings. 

The  tonearm  consists  of  a  low- 
mass  straight  aluminum  tube  that  is 
mounted  in  low-friction  pivots  and  bal¬ 
anced  by  an  adjustable  threaded 
counterweight.  The  die-cast  alumi¬ 
num  head  shell  supports  the  cartridge 
at  an  offset  angle  to  provide  a  low 
tracking  error  The  shell  mates  with 
the  tonearm  through  a  four-pin  plug 
and  socket  with  a  locking  ring.  (This 
shell  is  not  interchangeable  with  the 
four-pin  plug-in  shell  widely  used  on 
Japanese  tonearms  and  some  Euro¬ 
pean  models.)  A  plastic  installation  jig 
simplifies  setting  the  stylus  overhang 
for  minimum  tracking  error. 

motor  controls 
are  electronic 
touch  contacts 

The  Model  AF877  has  a  unique  fea¬ 
ture,  which  has  been  used  on  some 
earlier  Philips  record  players,  it  is  a 
tonearm  support  post  that  contains 
the  tracking  force  gauge.  When  the 
tonearm  is  placed  on  the  rest,  its 
downward  force  is  measured,  correct¬ 
ed  for  any  difference  that  might  exist 
when  it  is  in  the  plane  of  the  record, 
and  displayed  in  a  window  on  the  mo¬ 
torboard  near  the  speed-indicator 
section.  The  force  scale  is  calibrated 
over  a  Q.5-to-3-gram  range  at  0. 25- 
gram  intervals.  The  indicator  is  a 
green  horizontal  line  whose  length  is 
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proportional  to  the  force.  Near  to  the 
tonearnVs  base  are  the  antiskating 
dial,  with  separate  scales  for  spherical 
and  elliptical  sty  I  i ,  and  the  cueing  lev¬ 
er  The  latter  gently  raises  and  lowers 
the  tonearm  through  a  viscous 
clamped  mechanism. 

To  reduce  the  susceptibility  of  the 
record  player  to  vibration  and  acoustic 
feedback,  the  platter  and  tonearm  are 
mounted  rigidly  to  a  subchassis  that  Is 
suspended  on  three  leaf  springs  from 
the  motorboard  and  mounting  base. 
The  motor  itself  is  also  isolated  from 
the  base  on  springs,  thus  decoupling 
it  in  two  stages  from  the  record-play¬ 
ing  components  to  minimize  transmit¬ 
ted  vibration. 


The  Philips  '  Direct  Control'  system  of 
speed  control  is  the  most  logical  method 
ot  stabilizing  a  turntable.  Many  turntable 
ills  arise  from  a  discrepancy  between  the 
rotations  of  the  motor  and  the  platter , 
Th/s  is  one  of  the  strong  features  of  di¬ 
rect-drive  turntables t  since  the  motor  and 
platter  are  effectively  one  unit  and  the 
servo  feedback  that  stabilizes  the  motor 
does  the  same  for  the  platter 

One  of  the  problems  one  faces  when 
applying  feedback  around  a  compliant 
member  such  as  a  flexible  belt  is  that 
there  is  a  considerable  phase  shift  in 
torque  transmission  through  the  belt  If 
the  platter  stows  down  momentarily,  a 
corrective  signal  is  sent  to  the  motor  to 
speed  it  up,  which  it  does  However, 
there  can  be  an  appreciable  time  lag t  or 
at  least  a  phase  shift,  between  the  time 
the  motor  responds  and  the  time  that  re¬ 
sponse  reaches  the  heavy  platter  An 
even  longer  time  lapse  is  required  for  the 
platter  to  respond  because  of  its  mass .  If 
the  process  is  applied  carelessly,  the  re¬ 
sult  is  likely  to  be  a  system  with  a  to w- fre¬ 
quency  oscillation  (hunting)  that  would 
be  unacceptable  in  a  record  player  Per¬ 
haps  it  was  problems  such  as  this  that 
discouraged  other  manufacturers  from 
using  this  system. 

Judging  from  the  performance  of  the 
Model  AF87T .  Philips  has  built  the  cor¬ 
rect  phase  shifts  and  loop  gams  into  its 
servo  because  we  found  no  sign  of  insta¬ 
bility,  In  a  system  such  as  this .  one  can¬ 
not  expect  the  feedback  to  reduce  flutter 
frequency  components  by  very  much, 
and  we  saw  no  evidence  that  that  had 
been  achieved  ( flutter  was  certainly  low 
enough,  but  not  unusually  so)  The  feed¬ 
back  action ,  grven  the  available  torque 
and  platter  mass t  would  seem  to  have 
been  concentrated  on  maintaining  the 
correct  speed  under  a  variety  of  static 
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Laboratory  Measurements.  To 

evaluate  the  Philips  Model  AF877  rec¬ 
ord  player,  we  installed  a  Sonus  Red 
Label  cartridge  in  its  tonearm.  The  in¬ 
stallation  was  simplified  by  the  open 
design  of  the  head  shell  and  the  easy- 
to-use  jig  that  verified  the  correct 
overhang  adjustment.  The  unique 
Philips  force-indicating  system  elimi¬ 
nated  the  necessity  to  first  balance 
the  tonearm  and  then  set  in  the  de¬ 
sired  force.  We  simply  turned  the 
counterweight  until  the  force  dial  in¬ 
dicated  the  desired  value  when  the 
tonearm  was  on  its  rest  post. 

A  comparison  with  an  accurate  bal¬ 
ance  gauge  revealed  thal  the  force 
calibration  was  accurate  to  better  than 


load  conditions  In  this ,  it  seems  to  have 
been  very  successful. 

Another  feature ,  nof  exclusive  to  Phil- 
ips  but  nevertheless  an  example  of  Phil¬ 
ips'  logical  approach  to  product  design,  is 
the  straight  tonearm  Most  tonearms 
have  art  shape,  in  which  the  cartridge 
shell  emerges  from  the  end  of  the  tone¬ 
arm  at  the  correct  angle  to  the  line  joining 
the  stylus  to  the  pivot  to  minimize  track * 
mg  error.  Having  the  cartndge  axis  tan¬ 
gent  to  the  tonearm's  rube  is  an  undeni¬ 
able  manufacturing  convenience .  but  it  is 
the  only  advantage  we  can  see  to  using 
an  angled  or  S-shaped  arm  tube  Never- 
the  less,  many  tonearm  manufacturers  at¬ 
tempt  to  assign  other  virtues  to  this 
shape  when  it  has  none 
The  shortest  distance  between  iwo 
points  is  a  straight  tine,  and  the  shorter 
the  length  of  a  piece  of  tubing,  toe  lower 
wilt  be  its  mass  This  i$  completely  self- 
evident.  and  is  the  rationale  tor  using  a 
straight  tubular  tonearm  If  one  wishes  to 
reduce  mass  to  a  minimum  (The  desir¬ 
ability  of  this  will  be  evident  to  anyone 
who  has  warped  records  to  pray )  Unfor¬ 
tunately.  the  straight-tube  tonearm  re¬ 
quires  that  the  cartridge  be  mounted  at 
an  angle.  Also,  to  eliminate  or  reduce  tor¬ 
sional  resonance  problems,  it  ts  desir¬ 
able  fhaf  toe  stylus  be  on  the  tonearm's 
axis.  This  calls  for  a  head  shell  lhat  sup¬ 
ports  the  body  of  the  cartridge  at  an  an¬ 
gle  to  toe  tonearm,  with  rfs  stylus  in  line 
with  the  arm  as  Philips  has  done 

This  system  works  very  well,  as  our 
tests  have  shown  Although  it  is  not  com¬ 
patible  with  the  almost  universally  used 
plug-tn  heads  be//  found  on  many  other 
players,  tl  Is  plain  that  Philips  was  iess  in¬ 
terested  m  compatibility  than  in  making 
the  best  possible  tonearm  for  i/s  record 
players  What  Philips  has  done  adds  to 
the  total  suitability  of  the  Model  AF877 


0.1  gram  over  its  full  range.  The  track¬ 
ing  error  was  also  about  as  low  as  can 
be  achieved  with  a  pivoted  arm  of  this 
length  or  measured  visually  with  a 
protractor.  It  was  less  than  0.4°/ in,  of 
radius  for  radii  between  2Wr  and  6" 
(6.4  and  1 5.2  cm).  The  capacitance  to 
ground  in  each  signal  output,  includ¬ 
ing  that  of  the  Integral  cables,  was  a 
very  low  70  pF. 

The  success  of  Philips'  efforts  to  re¬ 
duce  tonearm  mass  was  confirmed  by 
our  measurements.  Including  the  car¬ 
tridge,  which  weighs  5,5  grams,  the 
effective  mass  at  the  stylus  location 
was  only  16,5  grams.  The  net  effec¬ 
tive  tonearm  mass  of  1 1  grams  was 
one  of  the  lowest  we  have  measured. 
(Most  record-player  tonearms  have  a 
mass  of  about  20  grams.)  The  low 
mass  produced  a  10-Hz  resonance 
with  the  rather  high  compliance  of  the 
Sonus  stylus,  which  is  an  Ideal  fre¬ 
quency  for  avoiding  warp  tracking 
problems  without  loss  of  low  bass  re¬ 
sponse,  The  amplitude  of  the  reso¬ 
nance  was  also  very  low  at  a  mere  3 
to  4  db. 

The  turntable  flutter  was  not  quite 
as  low  as  rated,  although  this  is  very 
subject  to  differences  in  test  records 
and  interpretation  of  meter  readings. 
The  weighted  peak  DIN  flutter  was 
0.09%,  and  the  weighted  rms  JIS  flut¬ 
ter  was  0.07%.  On  the  spectrum 
analyzer,  we  could  see  that  the  flutter 
frequency  components  were  concen¬ 
trated  in  the  vicinity  of  15  Hz.  The 
rumble  was  a  good  -34  dB  in  an  un¬ 
weighted  (NAB)  measurement  and 
was  principally  at  frequencies  around 
8  Hz,  When  we  measured  it  with 
ARLL  weighting,  which  attenuates  the 
measurement  response  below  500  Hz 
at  a  6-dB/octave  rate,  we  obtained 
the  very  impressive  figure  of  —66  dB. 
This  ranks  with  one  or  two  of  the  finest 
turntables  we  have  previously  mea¬ 
sured  and  is  at  least  6  dB  lower  than  a 
typical  good  direct-drive  turntable. 

The  antiskating  dial  is  completely 
off  the  tonearm.  Hence,  it  can  be  ad¬ 
justed  while  playing  a  record  for  equal 
distortion  in  both  channels  with  the  aid 
of  a  special  high-velocity  test  record. 
We  found  that  the  antiskating  dial 
agreed  closely  with  the  tracking  force 
setting  and  was  within  0.25  grams. 
Most  tonearms  require  that  the  anti¬ 
skating  be  set  about  1  gram  greater 
than  the  tracking  force  for  best  com¬ 
pensation.  The  cueing  device  worked 
smoothly,  and  the  tonearm  did  not 
drift  outward  significantly  during  its 
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descent;  it  repeated  at  most  a  second 
or  two  of  the  program.  The  automatic 
shutoff  at  the  end  of  a  record  or  when 
the  reject  contact  was  touched  re¬ 
quired  about  12  seconds  to  cycle 
through. 

The  LED  speed  display  gave  a  very 
clear  indication  of  turntable  speed. 
We  noted  that  the  center  LED  re¬ 
mained  on  over  a  small  range  of 
speeds,  amounting  to  about  ±0,3%. 
However,  when  care  was  taken  to  set 
the  vernier  speed  control  in  the  center 
of  that  range,  the  actual  speed  was 

turntable  speed 
displayed  on  array 
of  nine  red  LEDs 

usually  within  0.1%  of  the  correct  val¬ 
ue.  The  maximum  range  of  the  vernier 
was  approximately  the  rated  ±3%. 

Because  of  the  spring  suspension 
of  the  platter  and  tonearm  system 
from  the  mounting  base,  we  expected 


the  Model  AF877  to  be  relatively  in¬ 
sensitive  to  vibration  conducted 
through  its  base.  This  proved  to  be  the 
case,  although  it  was  not  as  thorough¬ 
ly  isolated  as  some  turntables  we 
have  tested  that  used  very  heavy 
bases  on  soft  isolators.  Nevertheless, 
the  Model  AF877  was  above  average 
for  belt-driven  record  players  in  its  iso¬ 
lation  and  was  far  better  than  most  di¬ 
rect-drive  players.  The  suspension  is 
soft  enough  so  that  the  entire  turnta¬ 
ble  can  be  rocked  or  jarred  quite  vig¬ 
orously  white  playing  a  record  without 
causing  the  pickup  to  lose  contact 
with  the  groove,  even  though  there 
was  usually  a  transient  "wow.” 

User  Comment,  We  were  very  fa¬ 
vorably  impressed  with  the  total  per¬ 
formance  of  the  Philips  Model  AF877 
record  player.  It  was  exceptional  in 
most  of  its  measured  characteristics 
with  the  rare  quality  of  having  every¬ 
thing  work  just  as  one  would  expect. 
In  most  record  players  we  have  used, 
there  is  at  least  something  that  re¬ 


quires  '  fudging11  in  order  to  achieve 
the  desired  results.  For  example, 
many  tonearms,  when  balanced  in  the 
horizontal  plane,  do  not  give  fully  ac¬ 
curate  force  readings  and  must  be 
checked  against  an  external  gauge. 
Most  antiskating  systems  provide 
much  less  than  the  optimum  correc- 

rumble  measured  6  dB 
lower  than  typical 
direct-drive  model 

lion  when  set  to  agree  with  the  track¬ 
ing  force  setting.  Many  tonearms  do 
not  have  accurate,  unambiguous 
means  to  position  the  stylus  for  cor¬ 
rect  overhang.  These  and  other  an¬ 
noyances  were  completely  lacking  in 
the  Model  AF877.  This  is  an  "alL 
together"  record  player  that  works  as 
it  should  and  whose  performance  in 
many  respects  is  far  beyond  what  one 
usually  finds  at  its  price. 

The  Direct  Control  drive  maintains 
the  correct  record  speed  even  under 
rather  heavy  loads.  Bearing  down  on 
the  record  with  a  cleaning  brush  or 
cloth  may  slow  down  the  rotation  mo¬ 
mentarily,  but  it  recovers  in  a  second 
or  so,  suggesting  a  healthy  reserve  of 
torque  in  the  drive  system.  One  of  the 
most  worthwhile  benefits  of  the  low- 
mass  tonearm  was  its  ability  to  track 
severely  warped  discs.  In  fact,  the 
Model  AF877  was  able  to  play  all  of 
our  severely  warped  records  with  no 
more  drastic  results  than  an  occasion¬ 
al  momentary  "wow”  or  thump  at  the 
crest  of  the  warp. 

We  have  tried  to  be  as  critical  as 
possible,  hoping  to  find  something 
that  was  omitted  from  the  Model 
AF877  or  that  did  not  perform  up  to 
expectations,  If  this  record  player  has 
any  flaws  or  “bugs.”  we  failed  to  un¬ 
cover  them.  This  is  notable  by  any 
standards. 
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Specification 

Wow  Si  flutter 

Rating 

0.05%  DIN 

0.03%  wrms 

Measured 

0.09%  DIN 

0.07%  wrms  (JIS) 

Rumble 

-50  dB  DIN  A 
-70  dB  DIN  B 

-34  dB  NAB 
-66  d9  ARLL 

Pitch  control  range 

±3% 

Confirmed 

Arm  tracking  error  (max) 

0.9  min/cm 
{0,38V  in,) 

0,4a/in 

Bearing  friction 

Less  than  1 5  mg 

Not  measured 

Resonant  frequency 

10  Hz  (with  Philips 
test  cartridge) 

10  Hz  (with  Sonus 
Red  Label  cartridge) 

Effective  moving  mass 

1 6.5  g 

11  9 

H.H.  Scott’s  Model  480A 
is  a  moderate-priced, 
high-performance,  85-W/ch 
integrated  amplifier 


HIRSCH*  The  Model  460A 

fifl  HOUCK  is  the  most  P°w_ 

^  .  erful  integrated 

W  stereo  amplifier  in 

the  new  line  of  au¬ 
dio  components  from  H.H.  Scott,  It  is 
rated  to  deliver  85  watts/channel  into 
8-ohm  loads  from  20  to  20.000  Hz 
with  no  more  than  0.03%  THD.  It  is 
also  an  exceptionally  flexible  and  full- 
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two  phono 
preamps  permit 
simultaneous 
recording  and 
listening  to 
different 
record  players 

featured  amplifier  whose  design  re¬ 
flects  ihe  latest  hi-fi  trends. 

The  amplifier's  styling  appears  to 
be  more  in  line  with  that  of  most  inte¬ 
grated  amplifiers  currently  available 
on  the  U.S.  audio  market,  a  departure 
from  the  somewhat  "European"  look 
of  Scott  components  in  recent  years. 
The  satin-aluminum-finish  front  panel 
shows  off  the  brighter  metal  knobs  to 
good  advantage,  and  color  signal  in¬ 
dicators  are  used  with  restraint  and 
good  taste. 

The  amplifier  measures  17rW  x 
WW'Q  x  SW'H  {43  x  33  x  13,2  cm) 
and  weighs  29  lb  (13  kg).  Its  suggest¬ 
ed  retail  price  is  $400, 

General  Description.  The  electri¬ 
cal  performance  specifications  of  the 
Scott  Model  48QA,  as  discussed  later, 
are  clearly  those  of  a  top-quality  audio 
amplifier.  Physically,  the  amplifier  has 
some  special  features,  many  of  which 
are  not  unique  individually  but  which 
are  unusual  in  combination.  For  ex¬ 
ample,  there  are  separate  program- 
selector  controls  for  listening  and  tape 
recording,  with  sources  for  two  mag¬ 
netic  phono  cartridges,  two  tape 
decks,  and  two  high-level  inputs.  The 


input-selector  knob's  panel  legends 
are  supplemented  by  red  lights  that  in¬ 
dicate  which  source  is  being  heard. 
The  two  positions  for  the  tape  decks 
on  the  record  selector  are  labelled  to 
indicate  their  use  for  dubbing  from 
either  deck  to  the  other. 

At  least  one  other  manufacturer 
(Yamaha)  uses  a  somewhat  similar 
system  cf  independent  listening  and 
recording  source  selection,  but  Scott 
has  gone  even  further  by  providing 
separate  preamplifier  sections  for  its 
two  phono  inputs.  This  gives  a  listener 
the  option  of  taping  from  one  record 
while  listening  to  another,  the  latter 
played  on  a  different  turntable,  of 
course.  Advantage  has  also  been  tak¬ 
en  of  the  dual  preamplifier  design  to 
give  each  input  slightly  different  con 
trol  features,  phono  1  has  separately 
adjustable  input  capacitance  and  re¬ 
sistance  with  controls  on  the  front 
panel.  Resistances  of  30,000,  50,000, 
and  100,000  ohms  are  available,  as 
are  capacitances  of  100 #  250,  and  400 
picofarads,  phono  2  has  fixed  input 
loads  of  nominally  50,000  ohms  and 
250  picofarads,  but  it  has  a  two-posi¬ 
tion  sensitivity  switch  (on  the  rear  of 
the  amplifier)  that  gives  it  nominal  in¬ 
put  sensitivities  of  2.5  or  5  millivolts  for 
rated  output. 

The  Model  40OA's  triple  tone  con¬ 
trols  (bass,  mid,  and  TREBLE)  are  de- 
tented  in  11  positions,  A  by-pass 
pushbutton  switch  is  provided  for  rout¬ 
ing  the  program  around  all  tone  con¬ 
trol  circuits  simultaneously  for  flat  re¬ 
sponse.  The  volume  control  is 
stepped,  its  attenuation  in  decibels 
calibrated  at  intervals  that  increase  by 
1  dB  near  the  upper  end  of  its  range  to 
4  dB  near  the  bottom  of  the  range. 
The  balance  control  has  a  detented 
center  position  too,  A  switch  controls 
the  mode  (normal  and  rev  stereo 


and  r  and  L  channel  and  summed 
l  +  p  mono).  The  speaker  selector 
switch  permits  one  to  activate  either, 
both,  or  neither  of  two  pairs  of  speaker 
outputs,  A  separate  position  on  the 
speaker  switch  activates  a  phones 
jack  on  the  front  panel. 

The  five  remaining  controls  are  lev¬ 
er  switches.  They  include  power, 
subsonic,  and  high  filter  switches. 
Both  filters  have  the  desirable  1 2  dB/ 
octave  slopes  in  their  cut-off  regions. 
Another  switch  is  for  controlling  loud¬ 
ness  compensation.  The  last  switch  is 
for  inserting  a  signal-processing 
accessory — such  as  a  noise  reducer, 
expander,  time-delay  unit,  equalizer, 
etc, — info  (and  removing  it  from)  the 
program  path  through  jacks  on  the 
rear  of  the  amplifier. 

The  Model  480A  is  protected 
against  overloads,  short-circuited  out¬ 
puts,  and  internal  failures  by  a  relay 
that  instantly  disconnects  the  outputs 
from  the  loads  if  any  dc  component 
appears  at  the  outputs.  The  relay  and 
protective  circuits  also  provide  a  turn* 

separate  bass, 
mid,  and  treble 
tone  controls 

on  time  delay  of  several  seconds  to 
prevent  transients  from  reaching  the 
speaker  systems,  A  red  protection 
indicator  comes  on  when  the  relay  is 
tripped. 

The  two  output  level  meters  are  ca¬ 
librated  in  watts  and  dBW  (decibels 
referred  to  1  watt).  They  have  a  fairly 
fast  attack  and  a  slower  decay  time  so 
that  they  tend  to  follow  program  level 
contours.  They  are  calibrated  to  indi¬ 
cate  only  the  order  of  magnitude  of 
the  output  power  into  8-ohm  loads, 
over  a  range  of  from  0.001  to  100 
watts,  in  decade  steps. 

On  the  rear  apron  of  the  amplifier  is 
a  DIN  socket  that  duplicates  the  func¬ 
tions  of  the  tape  2  inputs  and  outputs. 
Insulated  spring  dips  are  used  for  the 
speaker  outputs.  Two  accessory  ac 
outlets  are  provided,  one  of  which  is 
switched.  An  output-power  slide- 
switch  selector  that  can  be  accessed 
with  a  screwdriver  through  a  hole  in 
the  rear  apron,  can  reduce  the  85-watt 
maximum  output  of  the  amplifier  to  55 
watts.  The  ac  line  cord  is  separate, 
and  plugs  into  a  three-pin  socket  on 
the  rear  apron. 
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Percent  harmonic  distortion  at  three  power  levels. 


THD  and  IM  distortion  at  8  ohms . 


Laboratory  Measurements  The 

one-hour  FTC  preconditioning  period 
with  both  channels  of  the  amplifier 
driven  at  one-third  rated  power  at 
1000  Hz  into  8-ohm  loads  left  the 
Model  480 A  only  mildly  warm  to  the 
touch.  The  1000- Hz  power  output  at 
the  clipping  point  was  105  watts/ 
channel,  for  an  IHF  clipping  headroom 
rating  of  0.92  dB.  IHF  dynamic  head- 
room  rating  was  1.91  dB,  since  the 
amplifier  could  deliver  132  watts  in  a 
20-ms  burst  before  clipping  occurred. 
(The  continuous  clipping  outputs  into 
4  and  16  ohms  were  136  and  69 
watts,  respectively.) 

Distortion  at  1000  Hz  was  very  low 
and  virtually  constant  with  power.  (It 
was  also  notable  for  being  purely  sec¬ 
ond  harmonic,  and  we  never  were 
able  to  detect  any  higher  order  distor¬ 
tion  components  down  to  our  mini¬ 
mum  resolution  level  of  about 
0.003%,)  For  all  outputs  between  0.1 
and  90  watts,  the  distortion  was  be¬ 
tween  0,007%  and  0.008%  and 
reached  0,014%  at  100  watts.  Inter¬ 
modulation  (IM)  distortion  was  only 
slightly  greater,  measuring  between 
0.008%  and  0.015%  at  most  usable 
power  levels  between  1  and  30  watts. 
It  rose  to  0.043%  at  0.1  watt  (and 
even  higher  in  the  milliwatt  range), 
and  more  slowly  at  higher  power  out¬ 
puts  to  a  low  0.035%  at  1 00  watts. 

At  85  watts/channel,  distortion  was 
about  0,01%  over  most  of  the  audible 

1000-Hz  power 
output  clipped 
at  105  W/ch 


Product  Focus 


The  Scott  Model  490A  has  several  inter¬ 
esting  circuit  features,  including  the 
placement  of  the  subsonic  and  high  au¬ 
dio  fitters  in  the  power-amplifier  feedback 
loop  to  minimize  the  amount  of  circuit 
complexity  without  loss  of  performance. 
The  phono  preamplifiers  employ  a  three- 
stage  configuration ,  with  two  transistors 
providing  voltage  gain  and  the  third  oper¬ 
ating  as  an  emitter  follower  to  provide 
current  gain  for  the  feedback  network .  A 
direct  result  of  this  is  the  elimination  of 
slew-mduced  distortion  at  high  frequen¬ 
cies  This  can  be  inferred  to  some  extent 
from  our  measurement  of  the  phono- 
overbad  limit ,  which  was  as  great  at 
20,000  Hz  as  anywhere  else  in  the  audio 
range. 

The  power  amplifiers  use  a  current 
mirror  loaded  differentia/  pair  for  the  in¬ 
put  coupled  to  a  class- A  voltage  amplifi¬ 
er  with  a  constant  coilector  load,  Follow¬ 
ing  the  voltage  amplifier  are  fully  comple¬ 
mentary  Darlington-connected  driver  and 
output  transistors.  The  input  differential 
transistors  are  in  a  single  package  to 
match  their  thermal  drifts  and  minimize 
dc  offset.  (The  amplifier  is  direct  coupled 
to  the  speakers  and  within  its  own  feed¬ 
back  loop.) 

We  have  no  detailed  information  on 
the  power  limiter  circuit  that  converts  the 
Q5-watt  amplifier  to  a  55 -waff  amplifier 
with  a  simple  switch  operation  Such  fea¬ 
tures  have  been  used  from  time  to  time 
on  other  amplifiers,  but  in  this  case  it  is 
not  easy  to  appreciate  its  benefits.  The 
power  reduction  (about  T9  dB)  is  hardly 
enough  to  make  the  difference  between 
safe  and  unsafe  operation  of  one's 
speaker  systems.  In  fact,  it  is  difficult  to 
conceive  of  a  speaker  system  good 
enough  for  use  with  this  amplifier  that 
would  not  be  able  to  safely  accommo¬ 
date  its  full  power 


frequency  range,  It  reached  0,014% 
at  20,000  Hz.  Below  100  H2,  the  read¬ 
ings  followed  the  increasing  distortion 
in  our  signal  generator,  which  was 
about  0.025%  at  20  Hz—weN  within 
the  amplifier's  ratings,  and  really 
mostly  in  the  input  signal  itself.  At  low¬ 
er  power  levels,  distortion  was  slightly 
lower.  Output  power  meters  were  cali¬ 
brated  with  reasonable  accuracy  at  1 
and  10  watts  output. 

To  drive  the  amplifier  to  a  1  -  watt  ref¬ 
erence  output,  15  mV  was  required  at 
the  high-level  input.  The  A-welghted 
S/N,  referred  to  1  watt,  was  78.2  dB. 
Phono  sensitivity  was  0,21  mV  on 
phono  1  and  phono  2  (hi),  with  a  77.4 
dB  S/N  and  a  clipping  input  of  350  mV 
at  1000  Hz.  The  lo  sensitivity  setting 
for  phono  2  yielded  a  0.47-mV  sensi¬ 
tivity,  with  a  huge  690-mV  overload 
capacity.  We  also  checked  the  phono 
overload  limits  at  20  and  20,000  Hz. 
After  correcting  for  the  RIAA  equaliza¬ 
tion  response,  we  determined  that  the 
phono  preamplifier  dynamic  range 
was  uniform  throughout  the  entire  au¬ 
dio  band. 

The  IHF  slew  factor,  measured 
through  the  high-level  inputs,  was  in 
excess  of  25.  This  means  that  when 
we  drove  the  amplifier  to  rated  output 
at  1000  Hz  and  maintained  the  same 
drive  level,  the  500-kHz  upper  limit  of 
our  signal  source  was  reached  with¬ 
out  visible  waveform  distortion  on  the 
output  signal  (500/25  =  20  slew  fac¬ 
tor  according  to  IHF-A-202,  1978). 
The  low-level  gain  of  the  amplifier  de¬ 
creased  with  increases  in  frequency, 
at  a  rate  that  prevented  any  possibility 
of  slew-induced  distortion  from  audio¬ 
band  signals. 


26 


(Continued  on  page  31} 


“The  thrill  you  left  behind. 
Get  back  to  it  in  the  Air  Guard 


David  Janssen 


The  roar  of  a  jet  engine.  A  blip  on  a  radar  screen  in  a  darkened  room.  The  crackle 
of  voices  over  a  communications  center  radio.  The  satisfaction  of  an  important  job 
well  done. 

The  excitement  you  left  behind  you  can  find  again,  in  the  Air  National  Guard. 

And  you'll  find  a  lot  more,  too.  Good  pay.  Insurance  and  retirement.  Advanced  skills 
training. 

If  there's  room  in  your  life  for  a  little  of  that  old  excitement,  there's  r  ’ 
roo m  for  you  in  the  Air  Guard.  AIR 

See  your  local  Air  National  Guard  recruiter.  Or  call  us,  toll-free  I  ■  ■  ■  71.  pwJ 

800-638-0936  (except  in  Alaska  [A  yl  I j  J 1  'J.  j 

Hawaii  and  Puerto  Rico).  In  Vw©  VSUGlG  [  M  ~  \ 

Maryland,  call  30 1-98 1-36 10.  America’s  SkifiS. 
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Completely 
pre-assembled 
and  pre-tuned 

Just  take  it  out  of 
the  package,  and 
install  it  on  the 
car  Mo  tuning 
necessary.  . 
check  it  out  with 
a  watt  meter  and 
see  for  yourself! 


60 r'  Stainless  steel 
tapered  whip ... 
and  NO  spring 


Super-good  looking 
low  silhouette 
design. 

Your  choice  ol 
cup  colors 
design-coordinated 
to  fate-model  cars, 


DIAMOND-FIRE 

BLACK 


There's  a 
CoiMrvihecup 


These  new 

PersuaderAntennas 

low  profile,  extra  long  whip 
deliver  performance 
equal  to,  or  better  than 
anything  else  on  the  road! 


There’s  a  hand-wound,  hand-tuned 


coil  in  the  cup... 


a  major  advance  in 
antenna  technology 
from  the  Antenna  Pros 
field  tested  and 
field  proven  by 
thousands  of  CBers 


Only  $34.98  suggested  retail.  Compare 

with  K-40  at  $38,50  or  any  other  antenna.  You'll  see 
there’s  no  comparison. 


5  year  guarantee 

Materials  and  workmanship  of  PERSUADER  ANTENNAS 
(Models  13505  &  17605)  are  guaranteed  for  a  full  five  years 
if  this  antenna  is  installed  by  the  dealer  and  a  full  three  years 
if  this  antenna  is  Installed  by  the  consumer. 

Any  port  that  fails  within  !he  guarantee  period  wifi  be  replaced  absolutely  free 
provided  the  registration  card  has  been  completely  filled  oul  and  relumed  to 
Antenna  Incorporated. 


A  word  from  the  Old  Pro: 

When  you  buy  this  antenna, 
my  reputation ...  built  over  38  years  In 
the  antenna  business  ..will  be  riding  on 
your  raof  I'm  confident  that  the 
Persuader  Antennas  will  persuade  you . . , 
you've  chosen  the  Best. 

M.R.  Friedberg,  President 
Antenna  Incorporated 


In  stock  at  your  dealer  now... 

or  call  the  Antenna  Hotline  ..  1-800-447-4700. 

(Illinois: 800*332 -4400;  Sorry,  no  Hotline  service  in  Alaska  or  Hawaii), 
Charge  to  Visa  or  Master  Charge . . .  and  well 
have  your  nearest  dealer  ship  your  Persuader 
Antenna  promptly  in  the  mount  and  color  of  your  choice  Hotline 
orders  add  $1.50  for  shipping  and  handling.  Applicable  local 
taxes  extra.  Allow  2  to  4  weeks  for  delivery 

The  family  of  fine  antennas  from  the  fine  antenna  family. 

flnrenna  s 

20301  Richmond  Road  Cleveland,  Ohio  44146  (2161  464-7Q75 
In  Canada  -  Cordon  Import  Canada  Lid.,  RO  Box  937  Hamilton.  Ontario  L3 N 

Antenna  incorporated.  International  Division,  PQ  1002  Rockville  Centre.  New  York  11571 

CIRCLENO,  DON  FREE  INFORMATION  CARD 


These  features  will 
persuade  you... 

The  Persuader"*  Antenna 
is  Your  Best 
Antenna  Choice 

60"  Stainless  Steel  Tapered 
Whip...and  No  Spring 

The  super-long  whip  increases  the  aperture  of  the 
antenna.  This  increases 

•  the  signal  capture  area  on  reception 

•  the  transmit  signal  and  radiation  intensity  at  the 
horizon 

•  bandwidth  to  well  over  a  40-channel  capability 
The  .125"  diameter  whip  is  tapered,  so  shock  is 
distributed  evenly.  There’s  no  spring  to  stretch, 
break,  or  bend  the  whip  away  from  the  straightest 
possible  upright  position. 


Exclusive  coil-in-cup  design 

Loading  of  most  low-profile  antennas  is  by  a  simple 
printed  circuit  board  that  can’t  be  tuned  and  will 
eventually  burn  out.  These  new  Persuader  anten¬ 
nas  are  completely  pre-assembled  and  pre-tuned 
and  feature  an  actual  hand-wound,  hand-tuned 
copper  wire  loading  coil  tested  with  500  watts, 
rated  at  100  watts  continuous.  It’s  even  more  effi¬ 
cient  than  our  base-loaded  coils  because  it’s 
wound  to  a  larger  diameter,  with  fewer  turns. 

This  unique  design  also  involves  fewer  mechani¬ 
cal  and  electrical  connectors— fewer  resistive  con¬ 
tacts  between  loading  coil  and  cable  termina¬ 
tions— less  chance  for  dust,  moisture  or  road 
gunk  to  contaminate  the  contacts. 

This  concept  has  been  field  tested  by  thousands 
of  CBers  in  our  Model  13503  (shorter  whip,  plain 
white  cup).  Your  good  buddies  will  tell  you  every¬ 
thing  we  say  about  it  is  true. 

Available  with  Trunk-Up  or 
Magnet  Mount 

for  performance: 

•  SWR  of  1.5:1  or  less  across  all  40  AM  and  SSB 
channels 

•  Shunt-fed  loading  coil  is  DC  grounded  for  quiet 
performance;  bleeds  off  static  from  rain,  snow,  air 
particles.  Performance  is  virtually  identical  to  body 
mount  antennas. 

•  Center-roof  placement  of  magnet  mount  pro¬ 
vides  your  most  uniformly  omni-directional  signal. 
(Can  also  mount  on  trunk  lid). 

•  Unique  Antenna  Incorporated  design  provides 
capacitive  coupling.  Aluminum  plate  puts  the 
ground  potential  right  at  the  mounting  surface. 

for  convenience:  Magnet  and  trunk  lip, 
the  two  easiest  installations!  Place  the  antenna 
where  you  want  it,  plug  the  cable  into  the  trans¬ 
ceiver.  No  holes  to  drill.  Readily  removed  for  anti¬ 
theft  protection.  Magnet  mount  supplied  with  12' 
RG-58/U  coaxial  cable  with  PL-259  type  connector; 
trunk  lip  mount  with  17'  of  cable. 

for  magnet  mount  adherence: 

Heavy-duty  2Vi"  magnet  in  plastic  cup  with  soft 
rubber  gasket.  Holds  at  top  highway  speeds  of  55 
mph.  (Trunk  lip  mount  recommended  for  vinyl  roof 
cars.)  Since  it  won’t  walk,  it  won’t  detune!  “Oil¬ 
can”  effect  of  cup;  resting  on  gasket,  provides  a 
larger  magnet  plane  than  if  the  magnet  itself  were 
touching  the  surface — yet  there’s  less  weight  on 
the  car,  less  scratch  potential. 

All  magnet  mount  benefits 

are  standard... 

not  an  extra-cost  accessory! 
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Tone  controls  were  flexible  enough 
for  almost  any  purpose.  The  bass 
turnover  frequency  was  variable, 
while  the  treble-response  curves  were 
hinged  at  about  2000  Hz.  The  max¬ 
imum  midrange  adjustment  of  about 
±6  dB  provides  useful  tone-control 
action,  without  the  possibility  of  pro¬ 
ducing  bizarre  effects.  The  response 
of  the  subsonic  filter  was  down  3  dB 
at  20  Hz,  1 2  dB  at  1 0  Hz,  and  27  dB  at 
5  Hz.  The  response  of  the  high  filter 
was  down  3  dB  at  7000  Hz.  Both  fil¬ 
ters  had  the  rated  12  dB/octave 
slopes. 

Loudness  compensation  was  rela¬ 
tively  mild.  It  boosted  both  the  lows 
and  the  highs  but  had  no  effect  until 
the  volume  control  was  well  into  the 
lower  half  of  its  range.  The  RIAA  pho¬ 
no  equalization  response  was  within 
±0.5  dB  from  20  to  20,000  Hz.  When 


measured  through  the  inductance  of  a 
typical  phono  cartridge,  the  phono  re¬ 
sponse  rose  slightly  at  high  frequen¬ 
cies,  to  a  maximum  of  +2  dB  at 
1 0,000  Hz,  before  returning  to  normal 
at  20,000  Hz.  The  input  resistance  of 
the  phono  1  circuit  measured  32,000, 
47,000,  and  72,000  ohms,  with  a  ca¬ 
pacitance  of  130,  300,  and  500  pF. 
The  input  impedance  of  the  phono  2 
circuit  was  47,000  ohms  shunted  by 
280  picofarads. 

User  Comment.  Impressive  as  its 
measured  performance  was,  the  Scott 
Model  480A  amplifier  impressed  us  as 
being  somewhat  more  than  the  sum  of 
its  parts.  This  is  difficult  to  appreciate 
from  a  mere  listing  of  the  manufactur¬ 
er’s  specifications  and  our  test  results. 
We  found  no  weaknesses  in  the  am¬ 
plifier  or  any  respects  in  which  it  fell 


Performance  Specifications 


Specification 

Rating 

Measured 

Continuous  power 

85  Watts  at  0.03% 

Confirmed 

into  8  ohms,  20-20,000  Hz 

THD 

IM  distortion  at  rated 

0.03% 

Confirmed 

power 

Frequency  response  (±0.5  dB) 

20-20,000  Hz 

Confirmed 

Power  bandwidth  at  -3  dB 

10-40,000  Hz 

Not  checked 

Damping  factor  (1  kHz,  8  ohms) 

At  least  100 

Not  checked 

Input  sensitivity  (rated  out) 

(for  1  watt  out, 
A-202,  1978) 

Phono 

2.5  mV 

0.21  mV 

High  level 

150  mV 

15  mV 

Maximum  input  voltage 

Phono 

180  mV 

360  mV 

High  level 

10V 

at  least  10  V 

Signal-to-noise  ratio 

(A-wtd,  IHF-A- 

(shorted  input,  A-wtd) 

202, 1978) 

Phono 

90  dB  re.  10  mV 

77.4  dB  re.  1  vi 

High  level 

95  dB 

78.2  dB 

Tone  control  range 

BASS  (100  Hz) 

±10dB 

+9/— 10  dB 

mid  (1  kHz) 

±6  dB 

Confirmed 

TREBLE  (10  kHz) 

±10dB 

+8.5/-10  dB 

Filter  attenuations  (12  dB/oct) 

HIGH  (8  kHz) 

-3  dB 

7  kHz/— 3  dB 

SUBSONIC  (18  Hz) 

—3  dB 

20  Hz/— 3  dB 

RIAA  tolerance  (20-20.000  Hz) 

±0.5  dB 

+0/— 0.5  dB 
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fact: 

February  and  March  are 
be-kind-to-your-records/ 
check-your-stylus  months. . 


FREE !  Stylus  inspection  and 
cleaning  wherever  you  see  this  sign: 

A  cartridge  is  forever— your  stylus  isn’t!  Even 
though  you  can’t  see  stylus  wear,  it  affects  the  per¬ 
formance  of  your  entire  hi-fi  system.  A  worn  stylus 
could  even  ruin  your  records!  We  urge  you  to  have 
your  stylus  professionally  inspected  no  less  than 
once  a  year. 

During  February  and  March,  audio  dealers  dis¬ 
playing  this  sign  will  have  trained  personnel  and 
the  equipment  necessary  to  examine  your  stylus 
for  wear  or  damage.  They’ll  professionally  clean 
your  stylus  and  tell  you  if  it’s  time  to  replace  it. 


V stylus  cleaning  brush 

A  practical  and  safe  way  to  clean  your  stylus! 
Synthetic  bristles  with  the  right  amount  of  stiff¬ 
ness  to  remove  dust  and  lint  buildup  effi¬ 
ciently  without  damaging  the  stylus  tip. 

Free  when  you  have  your  stylus  in- 

spected  at  a  participating  Shure 

dealer.  llVtlV  _ 


Bring  your  cartridge  back  to  original  specs 

The  performance  of  your  cartridge  depends  largely  on  the  stylus  assembly  and  only 
a  genuineShure  replacement  stylus  can  restore  your  cartridge  to  its  original  perform¬ 
ance!  Give  your  record  collection  the  protection  it  deserves,  insist  on  the  words 'This 
Stereo  Dynetic®  stylus  is  precision  manufactured  by  Shure  Brothers  Inc."  on  the 
box,  and  the  name  SHURE  on  the  replacement  stylus  you  buy.  Don’t  settle  for  sub¬ 
stitutes— your  record  collection  is  too  valuable! 


SPECIAL  NOTE: 

Genuine  Shure  replacement 
styli  are  available  for  virtually 
all  Shure  stereo  magnetic  car¬ 
tridges— whatever  their  age.  If 
your  dealer  doesn’t  have  yours, 
write  to  us. 


Replacement  styli  by. . . 


Shure  Brothers  Inc.  •  222  Hartrey  Ave.  •  Evanston,  IL  60204 
In  Canada:  A.C.  Simmonds  &  Sons  Limited 
Manufacturers  of  high  fidelity  components, 
microphones,  sound  systems  and  related  circuitry. 

CIRCLE  NO.  4S  ON  FREE  INFORMATION  CARD 


below  an  “excellent"  rating.  There 
were  no  minor  “bugs,"  such  as 
switching  transients,  uneven  control 
operation,  ambiguous  control  labelling 
or  operating  instructions,  or  other  an¬ 
noyances  that  manage  to  appear  in 
most  products  we  test,  no  matter  how 
good  their  overall  performance. 

Although  we  are  usually  less  than 
enthusiastic  about  loudness  controls 
(at  least,  those  that  do  not  include  a 
separate  overall  gain  adjustment),  we 
even  found  the  loudness  compensa¬ 
tion  of  this  amplifier  to  be  pleasing  and 
listenable.  This  may  have  been  due  in 
part  to  an  accidental  combination  of 
speaker  efficiency  and  incoming  sig¬ 
nal  levels,  but  we  suspect  it  is  also 
connected  with  Scott’s  use  of  a  very 
mild  boost  at  low  frequencies  instead 
of  the  exaggeration  of  so  many  loud¬ 
ness  compensating  circuits. 

one  of  the  best 
performers  in  its 
price/power  class 

Needless  to  say,  in  listening  to  the 
Model  480A,  we  never  heard  anything 
but  what  was  present  in  the  program. 
Many  of  the  sonic  properties  attribut¬ 
ed  to  audio  components  are  really  re¬ 
lated  to  the  system  as  a  whole.  With 
the  Scott  Model  480A,  in  combination 
with  the  Philips  Model  AF877  record 
player  and  a  Sonus  cartridge,  as  an 
example,  we  could  operate  the  sys¬ 
tem  at  maximum  gain  without  a  trace 
of  audible  hiss  or  hum  more  than  a 
few  inches  from  the  speaker  systems. 
Perhaps  this  was  merely  a  fortuitous 
combination  of  components,  but  we 
found  it  to  be  completely  in  harmony 
with  our  impressions  of  the  Scott  am¬ 
plifier  from  other  tests  and  use.  This  is 
the  sort  of  behavior  one  hopes  to  ex¬ 
perience  in  a  very  expensive,  highest 
quality  music  system,  but  encounter¬ 
ing  it  in  a  moderate-priced  system  is 
worthy  of  special  mention. 

If  none  of  the  unusual  features  of 
the  Scott  Model  480A  is  of  special  im¬ 
portance  to  you,  just  think  of  this  am¬ 
plifier  as  one  of  the  best  performers  in 
its  price  and  power  range,  and  by  all 
means  include  it  in  your  buying  con¬ 
siderations.  To  us,  the  Mode!  480A 
bodes  well  for  the  successful  reemer¬ 
gence  of  H.H.  Scott  as  a  factor  in  the 
American  audio  market. 
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That  already  says  a  lot  about  you.  That  you’re 
fascinated  by  the  diversity  of  electronics. 
Everything  from  microcomputers  to  audio,  from 
construction  projects  to  ham  radio.  Who 
knows  what  area  of  electronics  will  catch  your 
interest  next?  That’s  why  you  read  P.E.  To  keep 
in  touch  with  all  that’s  new  and  best  in  the 
many  worlds  of  consumer  electronics. 


World  s  largest-selling  electronics  magazine 
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ALL  NEW  AND  ADVANCED  DMM 

by  Sabtronics 

for  only  $89.50 


Designed  and  made  rn  U.S.A 


The  new  and  advanced  Sabtronics  Model 
201 OA  is  absolutely  amazing  . .  .  it  gives 
you  more  performance,  features  and 
accuracy  at  a  price  no  other  Digital  Multi¬ 
meter  can  approach.  It  is  versatile  and 
rugged,  for  bench  and  portable  use,  with 
laboratory  standard  accuracy. 

Greater  Long-Term  Accuracy 

State-of-th e-Art  design  features  include 
a  laser-trimmed  decade  resistor  net¬ 
work  and  an  ultra-stable  band-gap  refer¬ 
ence  element  to  insure  long-term 
accuracy,  Basic  DCV  and  Ohms  accuracy 
is  0.1%  ±1  Digit,  guaranteed  for  one 
year.  With  31  ranges  and  6  functions 
you  can  measure  AC  and  DC  volts  from 
100  to  1000V;  AG  and  DC  current 
from  0-VA  to  10  A;  resistance  from 
0.1  n  to  20  Mn. 


Unique  XI 0  Multiplier  Switch 

This  exclusive  feature  of  the  Model 
201 0A  gives  you  a  convenient  means  of 
selecting  the  next  higherdecade  range. 
The  Hi-Lo  Power  Ohms  capability  gives 
you  three  High-ohm  ranges  that  supply 
enough  voltage  to  turn  on  a  silicon  junc¬ 
tion  for  diode  or  transistor  testing. 
Measure  in-circuit  component  resistance 
with  three  Low-ohm  ranges. 


Touch  and  Hold  Capability 

The  optional  touch  and  hold  probe  allows 
you  to  make  measurements  in  hard-to- 
reach  places  without  taking  your  eyes 
off  the  probe  tip.  A  button  on  the  probe 
retains  the  display  reading  after  the 
probe  tip  is  removed  from  the  test  point. 


Other  Important  Features 

This  quality  instrument  includes  an  ACV 
Frequency  Response  of  40  Hz  to  40 
kHz,  automatic  polarity,  automatic  zero, 
automatic  decimal  point,  overrange 
indication,  and  overload  protection  on 
all  functions  and  ranges.  The  bright  LED 
display  gives  readings  to  ±1999  and  is 
easy  to  read  in  dim  light  or  bright  light. 

Reliability  and  Performance  at 
Low  Cost 

The  Model  201  OA  is  factory  tested,  cali¬ 
brated  and  is  supplied  complete  with 
test  leads,  probes  and  detailed  operating 
manual,  A  full  compliment  of  optional 
accessories  is  available  to  increase  the 
versatility  of  your  201  OA  DM M,  Because 
you  buy  factory  direct,  you  get  this  high- 
quality,  full  performance  instrument  at 
an  incredibly  low  price  of  only  $89.50. 


Brief  Specifications 

OC  Volts:  1 0QiiV  to  1 000V  in  5  ranges 
AC  Volts:  1  OOjliV  to  1000V  in  5  ranges 
OC  Current:  O  HiA  to  1 0  A  m  6  ranges 
AC  Current:  0.1  pA  to  10  A  in  6  ranges 
Resistance:  O.lu  to  20  Mu  in  6  ranges 
Diode  Test  Current:  0-VA.  IQjiA,  1mA 
ACV  Frequency  Response:  4QHz  to  40kHz 
Input  Impedance:  1 0  Mil  on  ACV  and  DCV 
Overload  Protection:  1200  VDC  or  RMS  on  all 
voltage  ranges  except  250  VDC  or  RMS  on  iQQmV 
and  l  V  AC  ranges.  Fuse  protected  on  ohms  and  n>A 
ranges. 

Power  Requirement:  4  5  to  6-5  VDC  t4  "C'cells) 
optional  NiCd  batteries  or  AC  adapter/charger 
Display:  0.36"  19.2mm)  Digits  reading  lo  ±1999 
Size:  3MW  *  65  D  x  3"H  [203  x  165  x  76  mm) 
Weight:  1.5  lbs.  t0.68kg.)  ex  cl  battery 

i' Batteries  not  included  i 

Orders  Yours  Today 

Call  us  with  your  Mastercharge  or  Visa 
order  or  use  the  convenient  order  form 
to  take  advantage  of  this  special  intro¬ 
ductory  offer. 


Making  Performance  Affordable 


1  3426  Floyd  Circle  M/S  2-4  ■  Dallas.  Texas  75243 
Telephone  El  1  4/763-0994 


To:  Sabtronics  International,  Inc,,  1  3426  Floyd  Circle  M/S  24,  Dallas,  TX  75243 


PLEASE  SEND  ME  THE  FOLLOWING 

Model  201  OA  Digital  Mul timet eds)  .  .  #589.50  S 

AC  Adapt er/Charger(s) .  . . . . ®S  7  50  S 

Nickel-Cadmium  Battery  seis . . . . . . . . . .  @S1 7.00  S 

Touch'and  Hold  Piobes  . .  . @S18.00  S 

For  delivery  in  Texas,  add  Sales  Tax .  .  .  S 

Shipping,  Handling  and  Insurance  per  unit  $4  00-  S 
□  Check  enclosed  □  Money  Order,  or  bill  my  □  Master  Charge  □  Visa  TOTAL  S 

Account  No.  _  Expiry  Date 

Name 

Street 

Ciiy _  Slate  Zip 


‘Continental  U-S.  only.  AK  HI  &  PR,  S5.0O.  Canada.  S6.50  Foreign:  Si  0.00  Airmail,  PE^3 
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BY  GEORGE  STEBER 


NOW  YOU  can  literally  sit  back  and 
read  messages  sent  in  Internation¬ 
al  Morse  even  if  you  don't  know  the 
code.  The  "Morse-A-Word"  project  pre¬ 
sented  here  automatically  converts  in¬ 
coming  dlts  and  dahs  from  a  communi¬ 
cations  receiver  or  telegraph  key  into  ah 
phanumeric  symbols  for  display  on  a 
multicharacter  LED  readout.  The  display 
operates  in  moving-character  fashion  to 
make  it  easy  to  read  the  messages. 

With  this  project,  SWLs  can  listen  in 
on  commercial  and  amateur  code  traffic. 
And  for  beginning  as  well  as  veteran  ra¬ 
dio  amateurs,  the  Morse-A-Word  makes 
an  excellent  operating  and  code-training 
aid.  Cost  of  a  complete  kit  including  a 
prepunched  and  lettered  chassis  and 
two  two-character  displays  is  $150.  One 
or  two  additional  displays  can  be  added 
at  moderate  cost. 

This  project  is  similar  to  the  Morse-A- 
Letter  featured  in  the  January  1 977  is¬ 
sue  of  Popular  Electronics.  Us  dis¬ 
play  capability  has  been  expanded, 
however.  At  the  builder's  option,  the 
Morse-A-Word  can  display  two,  four,  six 
or  eight  characters  simultaneously.  Ail 


Ire 

MORSE- 

A-MDRD 

PART  ONE:  Theory  and 
System  Operation 


LED  readout  displays  words  and  numbers 
when  Morse  code  is  received 
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the  incoming  signal  in  code  is  processed  for  alphanumeric  display. 


PARTS  LIST:  MAIN  DECODING  CIRCUIT 


characters^letterSp  numerals,  punctua- 
tion  marks  and,  if  desired,  word 
spaces — are  displayed  and  shifted  from 
right  to  left  as  new  ones  stream  in. 

Double-sided  pc  boards  hold  the  LED 
display  and  main  decoder  circuits.  A  sin¬ 
gle-sided  board  accommodates  the 
power  supply. 

It  should  be  mentioned  at  the  outset 
that  the  reliable  conversion  of  Morse 
code  radio  signals  into  alphanumeric 
characters  is  not  easy.  Signal  fading,  at¬ 
mospheric  and  man-made  noise,  and 
human  errors  present  major  difficulties. 
Consequently,  no  device  can  perfectly 
decode  all  received  signals  all  of  the 
time.  The  highly  sophisticated  Morse-A- 
Word  circuit  has  been  designed  to  pro¬ 
vide  a  very  high  degree  of  accuracy, 
however,  and  will  do  a  very  creditable 
decoding  job  in  far-fronvldeal  situations. 

System  Analysis,  A  block  diagram  of 
the  Morse- A- Word  is  shown  in  Fig.  1. 
The  complete  schematic  of  the  main  de¬ 
coding  circuit  is  in  Fig.  2,  and  the  display 
circuit  is  shown  in  Fig,  3. 


CLC2X5X10X1 2.015X17,018  through 
C2|  ,C23— 0  t-  or  G.OS-pP dis&ceramte 
03,  C7— 22-p.F,  10- volt  tantalum 
C4 — 0.05-|j.F  disc  ceramic 
06,09,0 1—G.QI-p.F  Mylar 
C8 — 1-pPi  10-volt  tantalum 
Ct3 — 0.22-p.F  Mylar 
CM — 6.8-p.F,  10-volt  tantalum 
06 — 0.47-(j,Fi  10- volt  tantalum 
C22— 27-pF  disc  ceramic 
Dl  ,D2,D3 — 1N270  germanium  diode 
tC  I , [02 — 7495  4-bit  shift  register 
[03,106,1015,1017—74161  4-bii  counter 
IC4JC8— 741  operational  amplifier  (8-pin  mi- 
ni-DIP) 

[05—74174  hex  D  flip-flop 
IC7 — 7414  hex  inverting  Schmitt  trigger 
109,1010—7489  64- bit  RAM 
ICI 1—74121  monostable  multivibrator 
1C1 2 — 555  timer 
1C  1 3 — 567  PLL  tone  decoder 
[014— 1702 A  PROM 
IC16 — 7402  quad  2  input  NOR  gate 
1C  1 8—7483  4-hit  binary  adder 
1019—7485  4-bit  magnitude  comparator 
1 1  J2 — Phono  jack 
LED  I,  LED2 —  Red  light-emitting 
diode 


Q I  — 2N3823  tvchannel  JFET 
The  following  are  '/6-watt,  10%  tolerance  fixed 
resistors. 

R 1  ,R4,R27— 220  ohms 
R2 — 10,000  ohms 
R  3 .  R 1 3  ,R  1 5- — 470  ohms 
R5' — 15 .000  ohms 

R6,R17,R2I  through  R26- — 100(1  ohms 
R7—  1 50,000  ohms 
RH— 330  ohms 
RIO— 680  ohms 
R  1 1 ,  R 1 9 — 6800  ohms 
R 1 2—270,000  ohms 
RI6 — 47 ,000  ohms 
R  18— 12.000  ohms 
R9.R  1 4 — 500-ohm  pc  trimpol 
R20— -5000-ohm  pc  trimpot 
R28 — 500-ohm  linear-taper  potentiometer 
with  ganged  spst  power  switch 
S I  — Spst  slide  or  toggle  switch 
SPKR — 8 -ohm  dynamic  loudspeaker 
Mi  sc.- — Printed  circuit  hoard.  10  sockets  or 
Mo  lex  Sol  demons,  suitable  enclosure,  LED 
holders,  pc  standoff  insulators,  control 
knob,  machine  hardware,  hookup  wire,  sol¬ 
der,  etc. 

Note— For  parts  and  kit  ordering  information, 
refer  to  the  Parts  Availability  list. 


36 


POPULAR  ELECTRONICS 


Fig.  2.  Schematic  diagram  of  the  main  decoder  circuit.  If  the  audio 
output  of  a  radio  receiver  is  used,  it  is  applied  to  Jl.  An  input 
from  a  telegraph  key  is  applied  to  J2.  Parts  list  is  on  facing  page. 
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phanumeric  LED  display 
IC I  JC4— 7549 1  MOS-ro-LED  display  driver 


Referring  to  Fig.  1 P  the  audio  output  of 
a  radio  receiver  is  applied  to  an  age 
stage  which  limits  the  amplitude  excur¬ 
sions  of  the  input  signal.  The  output  of 
the  age  stage  drives  an  active  bandpass 
filter  whose  response  is  centered  at 
1200  Hz.  A  tone  decoder  with  a  phase- 
locked  loop,  whose  response  is  also 
peaked  at  1200  Hz,  receives  signals 
from  a  bandpass  filter  and  demodulates 
them.  This  decoder  generates  a  low 
voltage  when  the  transmitter's  telegraph 
key  is  down  and  a  high  voltage  under 


key-up  conditions.  A  low-pass  filter 
smooths  the  output  of  the  tone  decoder 
and  can  accept  a  telegraph  key  input  for 
code  practice  use. 

Further  signal  processing  is  per¬ 
formed  by  a  Schmitt  trigger  which 
llsquares  up"  and  inverts  the  signals  ap~ 
plied  to  it.  At  the  output  of  the  Schmitt 
trigger,  a  logic  1  corresponds  to  a  key- 
down  condition,  and  a  logic  zero  to  a 
key-up  condition.  Signal  processing  is 
now  complete,  and  clean,  TTL-compati- 
ble  Morse  signals  are  available  to  the  di- 


IC2TC3— 7445  or  74145  BCD- to -decimal  de¬ 
coder/  driver 

The  following  are  14- watt.  10%  tolerance  fixed 
resistors, 

R  I  ,R4,R5vR8  ,R9,R  1 2.R  1 3.R  16 — 1000  ohms 

R2.R3.R6.R7.R  10,R  I 1  ,R  14,R !  5—40  ohms 

Misc.- — Printed  circuit  board,  Motex  Solder- 
cons  for  displays,  Soldercons  or  1C  sockets 
for  driver  ICs,  red  bezel  for  displays,  solid 
hookup  wire,  solder,  etc. 

Note — For  parts  and  kit  ordering  information. 
refcr!o  the  Pans  Availability  list. 


PARTS  LIST;  POWER  SUPPLY 


Pig.  4,  Schematic  diagram  of  po wer  sicppFy  circuit. 
The  main  decoder  requires  7 50  mA  at  5  volts  and 
20  mA  at  -8.2  volts.  Display  in  best  with  8-volt  supply. 


Cl  ,C2— 2200-|±F,  1 6- volt  upright  electrolytic 
C3— !000-|iF,  !0-voJl  upright  electrolytic 
C4 — 4000-p.F,  16- volt  upright  electrolytic 
Dl  —  IN5232  5  6-voli  zener 
D2 — 1N756  8. 2- volt  zener 
FI  — 14-ampere  fast-blow  fuse 
Q I  — 2N6 !  2 1  npn  tab  (TO- 220)  transistor 
Rl — 68'Ohm,  14- watt,  10%  resistor 
R2 — 47-ohm,  14- waft,  10%  resistor 
RECTI  —  I -ampere,  50-PI  V  modular  bridge 
rectifier 

Si — Spst  power  switch  (part  of  main  circuit 
R28) 

Tl  — 12. 6- volt,  2-ampere  center- tapped  trans¬ 
former  (Stancor  P8 1 30  or  equivalent) 

Misc. — Printed  circuit  board,  pc -mount  heat 
sink  for  Qi,  silicone  thermal  compound, 
fuseholder,  pc  standoff  insulators,  line  cord 
and  strain  relief,  hookup  wire,  machine 
hardware,  solder,  etc. 

Note — For  parts  and  kit  ordering  information, 
refer  to  the  Parts  Availability  list, 
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gital  decoding  circuits. 

The  digitized  Morse  is  first  applied  to 
two  counters.  One  counter,  but  not  both, 
will  be  enabled  to  count,  depending  on 
whether  the  key  is  up  or  down.  These 
circuits  count  at  a  rate  dependent  on  the 
frequency  of  an  adjustable  code-speed 
clock.  The  clock  frequency  should  be 
adjusted  to  match  the  speed  of  the  in¬ 
coming  code,  but  this  adjustment  can  be 
off  by  as  much  as  ±50%  and  still  result 
in  solid  copy. 

Whenever  the  key-up  counter  detects 
an  element  space,  a  condition  that  oc¬ 
curs  when  it  counts  less  than  eight  clock 
pulses,  it  serially  transfers  a  logic  0  or  1 
to  the  next  stage,  an  eight-bit  serial/par¬ 
allel  shift  register.  The  latter  is  always 
initialized  with  the  binary  word 
00000001  so  that  the  beginning  of  each 
Morse  character  will  be  uniquely  decod- 
able.  Whether  a  logic  1  or  0  is  trans¬ 
ferred  to  the  shift  register  in  subsequent 
steps  is  determined  by  the  condition  of 
the  key-down  counter,  which  distin¬ 
guishes  between  dits  and  dahs.  If  the 
key-down  counter  counts  more  than 
seven  clock  pulses,  the  code  element  is 
a  dah  and  a  logic  1  is  transferred  to  the 
shift  register.  Otherwise,  it  is  a  dit  and  a 
logic  0  is  transferred  to  the  shift  register. 
The  detection  scheme  is  similar  to  that 
employed  in  the  Morse-A-Letter,  and 
has  been  found  to  be  very  reliable. 

This  procedure  continues  until  the 
key-up  counter  detects  a  space  longer 
than  an  element  space  (longer  than  sev¬ 
en  clock  periods),  whereupon  the  circuit 
determines  that  a  complete  character 
has  been  sent.  The  unique  binary  code 
present  in  the  shift  register  can  now  be 
transferred  to  a  latch  for  decoding  and 
display.  However,  if  the  key-up  counter 
continues  to  count  more  than  15  clock 
pulses,  this  is  interpreted  as  a  space  be¬ 
tween  words  and  a  blank  character  is  in¬ 
serted  in  the  latch  after  the  last  charac¬ 
ter  is  received.  Because  many  CW  sta¬ 
tions  do  not  send  word  spaces,  the  cir¬ 
cuit  contains  a  switch  to  defeat  the  word- 
space  feature. 

A  16-element  RAM  (in  which  only  8 
elements  are  used)  stores  the  Morse 
characters  obtained  from  the  latch.  The 
RAM  is  synchronized  to  the  eight- 
character  display  by  an  address  counter 
and  a  ROM  which  decodes  the  Morse 
characters  for  display.  A  standard  multi¬ 
plexed  circuit  is  employed  for  display  of 
stored  characters,  which  appear  on  I  EE 
1785R  two-character  LED  displays.  The 


PARTS  AVAILABILITY 


The  following  are  available  from  Microcraft 
Corp-,  Box  513,  Theinsville,  WI  53092: 

No.  MAWK-1.  Complete  kit  of  parts,  includ¬ 
ing  prepunched  and  lettered  cabinet  and  two 
dual-character  IEE  I785R  LED  displays, 
$149.95.  (One  or  two  additional  dual- 
character  displays  can  be  ordered  at  the 
builder’s  option.) 

No.  EPK-1.  Essential  parts  kit  including  two 
(main  and  display)  pc  boards,  prepro¬ 
grammed  ROM.  all  ICs,  sockets,  resistors 
and  capacitors,  one  dual-character  IEE 
1785R  LED  display,  but  not  including  pow¬ 
er  supply,  hookup  wire,  solder,  loudspeak¬ 
er,  enclosure,  control  knob,  jacks  and  mis¬ 
cellaneous  hardware,  $99.50. 

No.  PCBK-1.  Set  of  three  (main,  display  and 
power  supply)  pc  boards,  $24.00. 

No.  MB-1.  Etched  and  drilled,  double-sided. 


glass  epoxy  main  pc  board  with  plated- 
through  holes,  $12.50. 

No.  DB-1.  Etched  and  drilled,  double-sided, 
glass  epoxy  display  pc  board  with  plated- 
through  holes,  $7.00. 

No.  PSB-1.  Etched  and  drilled,  glass  epoxy 
power  supply  pc  board,  $5.50. 

No.  PSK-1.  Power  supply  kit,  including  pc 
board  and  all  components,  $22.00. 

No.  Rom-1.  Preprogrammed  1702 A  ROM, 
$10.00. 

No.  DSP-1.  One  dual-character  IEE  1785R 
LED  display,  $9.00. 

No.  CAB-I.  Prepunched  and  lettered  enclo¬ 
sure,  $17.00. 

No.  CT-1.  Alignment  and  code  practice  cas¬ 
sette  tape,  $6.00. 

Prices  include  shipping  and  handling  within 
the  continental  USA.  Wisconsin  residents, 
add  4%  sales  tax. 


Photo  shows  internal  assembly  of  the  authorrs  prototype. 
Display  board  is  on  front  panel,  power  supply  on  back. 


circuit  has  been  designed  to  provide  a 
moving-character  type  of  display  which 
introduces  new  characters  at  the  right¬ 
most  position  and  moves  each  of  the  ex¬ 
isting  characters  to  the  left,  one  position 
at  a  time,  as  characters  are  received.  It 
takes  just  a  few  minutes  to  accustom 
yourself  to  reading  this  type  of  presenta¬ 
tion.  Once  you  get  the  hang  of  it,  reading 
code  is  a  breeze. 

The  Morse-A-Word’s  main  decoder 


circuit  power  requirements  are  750  mA 
at  +5  volts  and  20  mA  at  -8.2  volts.  The 
display  circuit  also  calls  for  8  volts  at 
approximately  100  mA.  Voltages  as  low 
as  5  V  can  be  used  to  power  the  display, 
but  it  will  not  be  as  bright.  A  suggested 
power  supply  is  shown  in  Fig.  4. 

In  Part  Two  of  this  article,  next  month, 
we  will  describe  how  to  assemble,  align, 
and  use  the  project.  Programming  in¬ 
structions  for  IC1 4  will  be  included.  O 
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NOW  THE  TRAVELINMAN  CAN  SEE 
GREAT  CAR  HIGH  FIDELITY  TAKE  SHAPE 

BEFORE  HIS  EYES. 


For  years  youVe  been  judging  car  high  fidelity  solely 
with  your  ears.  Now,  thanks  to  Sparkomatic  AcoustaTrac™ 
you  can  also  judge  car  sound  with  your  eyes! 

The  AcoustaTrac  is  a  graphic  equalizer  which  features 
a  visual  response  curve  on  an  illuminated  screen. 

So  while  youTe  adjusting  the  sound  of  your  car's  stereo 
radio  or  tape  deck  to  your  personal  listening  tastes,  you  can 
actually  see  the  amplifier  response  you’ve  shaped.  And  with 
Sparkomatic's  AcoustaTrac  you  can  keep  track  of  the 
shape  your  high  fidelity  is  in. 

Of  course,  as  a  power  booster  the  AcoustaTrac  is 
unparalleled  at  boosting  audio  output  power  while  giving 
you  total  control  to  “mix”  the  bass,  midrange  and  highs. 


It  features  slide  controls  that  allow  you  wide  adjust¬ 
ability  of  five  different  frequency  bands.  Plus  40  watt  RMS 
stereo  power,  front-to-rear  fader  control,  and  a  power  indi¬ 
cator  light.  Compact  size  ( 2"h  x  6-3/ 16" w  x  6-l/2"d ).  Fits 
comfortably  under-dash. 

So  if  you  want  a  graphic  equalizer  that  lets  you 
graphically  see  the  beautiful  sound  you'll  be  hearing, 
get  the  Sparkomatic  AcoustaTrac. 

Patent  Pending 


FortheTravelin’Man  ™ 


For  our  free  complete  Car  Sound  Catalog  write:  “For  The  Travelin1  Man",  Dept.  PH,  Sparkomatic  Corporation,  Milford,  PA  1S337. 
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Innovations 

in , 

Speaker 

Design 

BY  GEORGE  TLAMSA 


IN  THEIR  never-ending  quest  to 
produce  the  perfect  loudspeaker, 
engineers  are  continuously  develop¬ 
ing  new  materials,  enclosures,  trans¬ 
ducers,  circuits  and  systems.  The  re¬ 
sult?  Literally  hundreds  of  loudspeak¬ 
er  systems  in  a  great  variety  of 
shapes  and  sizes,  employing  dramati¬ 
cally  different  operating  principles,  all 
vie  for  consumer  acceptance.  This  of¬ 
ten  bewildering  array  of  loudspeaker 
designs  can  easily  create  confusion 
and  make  a  meaningful  buying  deci¬ 
sion  difficult  at  best. 

In  this  article,  we  will  examine  the 
basic  types  of  loudspeaker  compo¬ 
nents  and  systems,  placing  special 
emphasis  on  the  latest  advances  in 
loudspeaker  technology.  First,  we'll 
look  at  the  various  transducers  (driv¬ 
ers),  and  then  loudspeaker  enclo¬ 
sures.  Finally,  we  will  see  how  loud- 


speaker  engineers  are  putting  all  the 
components  together  to  produce  con¬ 
temporary  speaker  systems ,  taking 
both  the  effects  of  the  listening  room 
and  psychoacoustics  into  account. 


The  Drivers. 

As  its  name  implies,  the  function  of 
a  driver  (or  more  property  an  electro¬ 
acoustic  transducer)  Is  to  imparl  mo¬ 
tion  to  the  air  surrounding  it.  This  mo¬ 
tion  will  in  the  ideal  case  correspond 
exactly  to  the  time-varying  nature  of 
the  electrical  signal  applied  to  it.  Our 
ears,  in  turn,  will  perceive  the  motion 
as  sound. 

There  are  many  ways  to  convert  a 
time -varying  electrical  signal  into 
sound  waves,  as  witnessed  by  the 


great  variety  of  drivers  found  in  to¬ 
day's  speaker  systems.  Let's  examine 
the  principle  types  of  drivers  presently 
in  use,  and  see  how  each  measures 
up  to  the  ideal  transducer. 

The  Dynamic  Speaker,  The  old¬ 
est  of  all  the  driver  types  employed  to¬ 
day  is  the  dynamic  speaker,  Hs  design 
goes  back  to  the  mid-Twenties  when 
Chester  Rice  and  E,W,  Kellogg  pro¬ 
duced  the  first  functional  prototype. 
Although  the  dynamic  driver  has  over 
the  years  been  improved  in  a  number 
of  ways,  the  principle  is  the  same. 

The  typical  dynamic  speaker  em¬ 
ploys  a  conical  diaphragm  driven  by  a 
magnetic  motor.  Motion  is  imparled  to 
the  diaphragm  via  the  interaction  of  a 
time -varying  magnetic  field  generated 
by  an  electromagnet  and  a  static  field 
set  up  by  a  permanent  magnet.  In  the 
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Fig,  b  Holographic  analysis  shows  cone  breakup  in  dynamic  driver. 
In  8-inch  woofer  driven  by  2000-Hz  signal  (A),  standing  waves 
appear  at  edge .  At  9000  Hz  (B),  they  occupy  entire  cone  surface. 


early  days  of  dynamic  speakers,  suffi¬ 
ciently  strong  permanent  magnets 
were  not  available,  so  the  static  field 
was  supplied  by  an  electromagnet 
called  a  field  coil. 

The  time-varying  field  is  set  up  by  a 
voice  coil ,  an  electromagnet  driven  by 
the  output  of  the  power  amplifier  The 
magnetic  field  set  up  by  the  voice  coil 
varies  in  step  both  in  amplitude  and 
polarity  with  the  audio-frequency  cur¬ 
rent  supplied  by  the  amplifier.  Alter¬ 
nate  repulsion  and  attraction  between 
the  two  magnets  cause  the  cone  (dia¬ 
phragm),  which  is  attached  to  the 


voice  coil  and  a  supporting  structure, 
to  compress  or  rarefy  the  nearby  airf 
depending  on  its  motion  relative  to  the 
air  mass. 

When  the  cone  is  moving  forward,  it 
compresses  the  air  in  front  of  it  and 
rarefies  the  air  behind  it.  Similarly, 
when  the  cone  is  moving  backward  it 
compresses  the  air  behind  and  rare¬ 
fies  the  air  in  front.  It  can  thus  be  seen 
that  the  driver  is  a  dipole  radiator,  si¬ 
multaneously  generating  two  out-of- 
phase  acoustic  signals.  At  low  fre¬ 
quencies,  these  two  signals  will  meet 
while  still  in  an  out-of-phase  condition 
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Fig.  2 ♦  Cone  compresses  and  rarefies  air  as  shown  at  (A)  and  (B). 
Baffle  (C)  separates  two  air  masses  to  prevent  cancellation. 


and  cancel  each  other  out.  To  prevent 
this  destructive  interference,  either 
the  "front  wave"  or  the  ‘‘back  wave" 
will  have  to  be  phase-shifted  before  it 
meets  up  with  its  counterpart.  Alterna¬ 
tively,  one  component  of  the  speaker 
output  must  be  attenuated  or  other¬ 
wise  prevented  from  reaching  the  oth¬ 
er,  Whichever  of  these  design  alterna¬ 
tives  is  chosen  is  usually  performed 
by  the  loudspeaker  enclosure.  More 
on  this  later. 

Ideally,  the  dynamic  driver  behaves 
like  a  rigid  piston  over  its  entire  oper¬ 
ating  (frequency)  range.  A  practical 
driver,  however,  cannot  provide  this 
ideal  over  the  entire  audible  spectrum. 
Its  useful  bandwidth  will  always  be 
limited  to  those  frequencies  where  it 
can  approximate  a  point  source ,  That 
i$H  to  those  frequencies  whose  wave¬ 
lengths  are  large  compared  to  the  dia¬ 
phragm's  physical  dimensions. 

Above  these  frequencies,  the  driver 
begins  to  "beam"  (become  direction¬ 
al)  due  to  diffraction  effects.  The  cone 
of  the  driver  ceases  to  act  as  a  rigid 
piston  and  undergoes  a  series  of  flex¬ 
ing  motions  that  are  structural  reso¬ 
nances.  This  can  be  seen  in  Figs.  1A 
and  IB. 

These  images  were  generated  in 
the  Netherlands  at  the  Philips  Re¬ 
search  Labs  by  holographically  ob¬ 
serving  the  motion  of  an  8-inch  (20.3- 
cm)  woofer  cone.  At  low  frequencies, 
the  cone  vibrates  as  a  rigid  surface. 
Above  a  certain  frequency,  standing 
waves  begin  to  appear  on  the  cone. 
For  example,  Fig.  1A  reveals  loops 
and  nodes  just  starting  to  appear  at 
the  periphery  of  the  cone  when  the 
woofer  is  driven  by  a  2000-Hz  sine 
wave.  When  the  frequency  oi  the 
drive  signal  is  increased  to  9000  Hz, 
severe  cone  breakup  occurs.  Its  entire 
surface  is  covered  with  loops  and 
nodes  (Fig.  1B)t  and  only  a  little  sound 
is  radiated. 

Not  only  do  these  effects  make  the 
driver  directional  as  the  operating  fre¬ 
quency  is  increased,  but  they  also 
cause  fluctuations  in  its  frequency  re¬ 
sponse.  if  the  dimensions  of  the  driver 
are  kept  small  to  enhance  its  mid¬ 
range  and  high-frequency  response,  it 
will  not  be  able  to  move  enough  air  to 
provide  the  substantial  acoustic  out¬ 
put  at  low  frequencies  required  for 
high-fidelity  reproduction. 

It  is  obvious  that  no  conventional 
dynamic  driver  can  single-handedly 
cover  the  full  range  of  audible  fre¬ 
quencies.  This  has  led  to  the  develop- 
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The  ideal  cone  material  would  be 
lightweight  (for  efficiency  and  good 
transient  response)  and  very  stiff  (for 
extended  frequency  response).  Re¬ 
cently,  some  woofers  have  been 
made  using  carbon-fiber  pulp  as  the 
cone  material.  During  the  Sixties,  the 
BBC  experimented  with  sandwich- 
construction  cones  utilizing  special 
plastics.  Aluminum  has  also  been 


Cutaway  view  of 
dynamic  (cone)  driver. 


ment  of  specialized  dynamic  speak¬ 
ers,  each  designed  to  handle  a  given 
portion  of  the  audio  spectrum,  A  typi¬ 
cal  speaker  system  employing  all  dy¬ 
namic  drivers  will  contain  a  woofer,  a 
midrange  driven  and  a  tweeter.  Some 
systems  employ  four  or  even  more 
drivers,  with  a  supertweeter  handling 
the  extreme  highs  and/or  a  subwoofer 
reproducing  the  deepest  bass  notes. 
From  the  standpoint  of  system  engi¬ 
neering,  however,  it  is  often  desirable 
to  employ  drivers  with  useful  frequen¬ 
cy  ranges  as  large  as  possible. 

In  the  case  of  a  woofer,  useful  fre¬ 
quency  range  can  be  increased  by 
making  the  cone  more  rigid.  One  early 
approach  to  increasing  the  dia¬ 
phragm's  rigidity  was  to  change  its 
shape  from  that  of  a  simple  (true) 
cone  into  a  "cone"  with  rounded 
sides.  Today's  really  large  woofers 
like  Electro-Voice  s  30-inch  (76,2-cm) 
unit  are  constructed  in  this  manner. 

Most  of  the  engineering  effort  dedi¬ 
cated  to  improving  the  dynamic  woof¬ 
er  has  been  channeled  into  the  devel¬ 
opment  of  new  materials  for  the  cone 
to  replace  the  paper  traditionally  used. 


used  in  the  fabrication  of  woofer 
cones.  Finally,  some  manufacturers 
have  tried  doping  paper  cones  with 
special  coatings  for  added  stiffness. 
The  Bextrene  woofer  is  a  representa¬ 
tive  product  of  this  type  of  experimen¬ 
tation,  and  is  commonly  employed  in 
British  speaker  systems. 

Tweeters  can  be  made  using  paper 
cones,  but  today  the  dome  tweeter  is 
an  increasingly  popular  alternative. 
The  dome  has  the  advantage  of  per¬ 
mitting  the  use  of  a  large  voice  coil  (for 
power  handling),  but  must  be  made  of 
very  lightweight  material  if  it  is  to  be 
an  efficient  radiator.  Among  the  mate¬ 
rials  used  to  fabricate  tweeter  domes 
are  Mylar-type  plastics,  polystyrenes, 
treated  fabrics,  and,  notably,  beryllium 
alloys.  Beryllium  is  one  of  the  hardest 
metals  known  and  is  extremely  light¬ 
weight,  It  is  thus  ideal  for  dome  dia¬ 
phragms.  Dynamic  tweeters,  by  the 
way,  needn't  have  the  familiar  voice- 
coil  construction,  as  evidenced  by  the 
ribbon  tweeter.  This  driver  utilizes  a 
thin  corrugated  metal  "ribbon"  placed 
in  a  static  magnetic  field.  Au¬ 
dio-frequency  current  is  passed  di¬ 


rectly  through  the  ribbon,  which  acts 
as  both  a  voice  coil  and  a  diaphragm. 

One  problem  that  the  designer  of 
any  dynamic  driver  must  confront  is 
the  dissipation  of  heat  produced  in  the 
voice  coil,  which  generally  has  a  very 
low  impedance  (4  to  8  ohms).  If  the 
coil  draws  too  much  current,  the  heat 
generated  in  its  windings  can  melt  the 
insulation  on  the  wire  (and  perhaps 
the  wire  itself)  resulting  in  a  burn-out 
of  the  driver.  Even  if  this  doesn't  hap¬ 
pen,  excessive  heat  will  deform  the 
coil  and  weaken  the  binder  that  holds 
it  to  the  coil  form,  A  discussion  of 
these  problems  is  inciuded  in  another 
article  in  this  section. 

An  interesting  variation  on  the 
standard  dynamic  driver  is  the  Wat¬ 
kins  dual-impedance  woofer  used  by 
Infinity  Systems  in  its  top- of- the -line 
speakers.  This  otherwise  convention¬ 
al  woofer  has  two  voice  coifs,  one  with 
a  standard  impedance  and  a  second¬ 
ary  coil  with  a  low  impedance.  The 
two  are  electrically  coupled  together 
by  series  and  parallel  LC  networks. 
Ordinarily,  the  tuned  circuit  applies 
the  amplifier  output  to  the  standard 
voice  cotL  However,  at  frequencies 
near  the  fundamental  resonance  of 
the  speaker  system,  where  the  imped¬ 
ance  presented  to  the  amplifier  reach¬ 
es  its  maximum  value,  the  tuned  cir¬ 
cuit  routes  signals  to  the  secondary, 
low-impedance  voice  coil.  This  pro¬ 
vides  the  amplifier  with  a  virtually  con¬ 
stant  load  impedance  throughout  the 
bass  region. 

The  Electrostatic  Driver.  As  its 

name  implies,  this  type  of  driver  gen¬ 
erates  a  motive  force  for  its  dia¬ 
phragm  by  the  interaction  of  electric 
rather  than  magnetic  fields.  In  a  typi¬ 
cal  electrostatic  design,  a  large  dia¬ 
phragm  of  lightweight  material  is 
placed  between  two  perforated 
(acoustically  transparent)  electrodes. 
The  diaphragm  is  electrically  polar¬ 
ized  relative  to  the  electrodes,  which 
maintain  a  large  electrostatic  field. 
The  audio  signal  is  applied  to  the  two 
electrodes  in  push-pull  fashion.  Under 
these  conditions,  the  diaphragm  will 
vibrate  in  step  with  the  audio  drive  sig¬ 
nal  and  produce  sound. 

in  an  electrostatic  driver,  the  driving 
force  is  uniform  over  the  entire  dia¬ 
phragm  surface.  (Compare  that  to  the 
dynamic  driver,  in  which  the  dia¬ 
phragm  is  driven  over  a  small  portion 
of  its  overall  surface.)  The  result  is 
that  the  electrostatic  doesn’t  suffer  as 
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“If  you’re  going  to  learn 
electronics,  you  might 
as  well  learn  it  right!” 


“Don  *t  settle  for  less. 
Especially  when  it  comes 
to  career  training. . .  because 
everything  else  in  your  life 
may  depend  on  it.  That’s 
why  you  ought  to  pick  CIE!” 
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JL  vcriistmiciiis  from  oilier 
e  lee  Ironies  schools.  Maybe  you 
think  they1  re  all  the  same. 

They'1  re  noli 

CIE  is  the  largest  indepen- 
dent  home  study  school  in  the 
world  that  specializes  exclu¬ 
sively'  in  electronics, 
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Meet  the  Electronics 
Specialists. 

Wlie n  you  pick  an  elcc tron i cs 
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That's  why  it  makes  so  much 
sense  to  go  with  number  one  . ,  .with 
die  specialists. .  .with  CIE! 

There’s  no  such  thing  as 
bargain  education. 

If  you  talked  with  some  of  Our 
graduates,  chances  are  you’d  find  a 
lot  of  the  in  shopped  around  for  their 
training.  Not  for  the  lowest  priced 
but  for  the  best.  They  pretty  much 
knew  what  was  available  when  they 
picked  CIE  as  number  one. 

We  don’t  promise  you  the  moon. 
We  do  promise  you  a  proven  wav  to 
build  valuable  career  skills.  The  CIE 
faculty  and  staff  are  dedicated  to 
that.  When  you  graduate,  your  di¬ 
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what  you*  re  about.  Today,  it's  prettv 
hard  to  put  a  price  on  that 

Because  we’re  special- 
ists,  wc  have  to  stay 
ahead. 

At  CIE,  we’ve  got  a  position  of 
leadership  to  maintain.  Here  arc 
some  of  the  ways  we  hang  onto  it . 

Our  step-by-step  learning 
includes  “hands-on” 
training. 

At  CTE,  we  believe  theor>f  is 
important.  And  our  famous 
Auto-Programmed®  Lessons  teach 
you  the  principles  in  logical  steps. 

But  professionals  need  more 
than  theory.  That’s  why  some  of  our 
courses  train  you  to  use  tools  of  the 
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solid-state  oscilloscope  you  build 
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operations. 

Our  specialists  offer  you 
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a  question  about  a  specific  lesson. 
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promptly  in  writing.  You  may  even 
get  the  specialized  knowledge  of  all 
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CIE’s  “same  day”  grading 
cycle. 
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drastically  from  "breakup"  (the  excita¬ 
tion  of  resonant  modes  on  the  dia¬ 
phragm)  as  the  dynamic  driver.  Tran¬ 
sient  response  is  excellent  due  to  the 
diaphragm’s  low  mass.  The  electro¬ 
static  driver  is  basically  hung  on  a 
frame.  It  doesn't  have  a  box  enclo¬ 
sure,  so  a  great  deal  of  “coloration" 
(or  frequency-response  fluctuations 
caused  by  the  enclosure)  is  avoided. 

Of  course,  the  electrostatic  driver  is 
not  completely  free  from  problems. 
0ass  cancellation  caused  by  destruc¬ 
tive  interference  between  the  front 
and  back  waves  does  occur.  Also,  the 
diaphragm  does  become  directional 
at  high  frequencies,  where  breakup 
modes  occur.  It  is  difficult  to  get  a 
large  acoustic  output  from  an  electro¬ 
static.  The  diaphragm  cannot  make 
large  excursions,  and  placing  it  in  an 
electric  field  strong  enough  to  produce 
high  sound  levels  will  result  in  dielec¬ 
tric  breakdown  of  the  air  and  arcing, 
which  almost  always  causes  perma¬ 
nent  damage  to  the  speaker.  Without 


special  design  features,  the  acoustic 
output  of  an  electrostatic  driver  is  lim¬ 
ited,  Nonetheless,  these  designs, 
when  executed  properly,  are  remark¬ 
ably  good  speakers.  Some  of  the 
most  highly  regarded  “purist11  speak¬ 
ers  are  electrostatics.  The  famous 
Quad  electrostatic  speaker  is  a  good 
example. 

A  solution  to  the  limited-output 
problem  of  electrostatics  has  been  de¬ 
veloped  by  Dayton  Wright  Associates, 
Ltd.  The  driver  is  sealed  in  an  airtight 
plastic  bag.  Actually,  this  is  standard 
practice,  because  the  electrodes  and 
diaphragm  must  be  kept  free  of  con¬ 
tamination,  The  trick  is  that  the  bag  is 
filled  with  SFs  (sulphur  hexafluoride) 


Heil  air  motion  transformer  (above) 
and  ATD  woofer  (right). 


rather  than  air.  This  gas  is  a  better 
dielectric  than  air  in  that  it  can  support 
a  much  larger  electric  field  before  it 
breaks  down  and  arcing  takes  place. 
Hence,  in  the  Dayton  Wright  electro¬ 
static  driver,  the  voltage  on  the  elec¬ 
trodes  can  be  stepped  up  very  high, 
making  the  speaker  capable  of  gener¬ 
ating  increased  acoustic  levels. 

One  last  word  about  electrostatic 
drivers — the  impedance  they  present 
to  the  power  amplifier  is  high,  and  is 
largely  made  up  of  capacitive  react¬ 
ance.  This  is  in  strong  contrast  to  the 
low  impedance  of  the  typical  dynamic 
driver,  which  has  a  large  resistive 
component.  Very  few  amplifiers  are 
able  to  drive  an  electrostatic  driver  di¬ 
rectly.  (Most  of  those  that  can  are 
made  by  the  speaker  manufacturer 
and  are  sold  with  the  drivers  as  mte- 
grated  systems.)  A  step-up  transform¬ 
er  can  be  used  between  an  amplifier 
and  the  driver,  but  the  amplifier  will 
still  be  subjected  to  reactive  loading. 
Some  power  amplifiers  can  tolerate 
this,  but  others  cannot, 

The  Walsh  Driver.  Both  the  dy¬ 
namic  and  electrostatic  drivers  can  be 
considered  "conventional11  transduc¬ 
ers  in  that  they  have  been  with  us  for 
many  years.  A  relatively  recent  trend 
among  loudspeaker  engineers,  how¬ 
ever,  has  been  to  dispense  with  con¬ 
ventional  drivers  entirely  and  devel- 
ope  new  types  of  transducers.  One 
product  typifying  this  approach  is  the 
Walsh  driver,  which  is  used  by  Ohm 
Acoustics  in  its  Model  F  loudspeaker 
system. 

This  driver  is  a  tall,  upright  cone 
constructed  of  three  successive 
bands  of  material — titanium  on  top, 
then  aluminum,  and  finally  paper  at 
the  bottom  of  the  cone.  It  is  driven  at 
the  top  by  a  specially-designed  voice 
coif,  and  the  bottom  of  the  cone  is  held 
in  place  by  a  surround.  This  unique 
driver  is  a  full-range,  omnidirectional, 
and  coherent  radiator.  There  is  no 
phase  cancellation  of  waves  leaving 
different  parts  of  the  diaphragm  as  the 
sound  is  radiated  as  a  uniform  wave- 
front.  The  Walsh  driver's  only  major 
drawback  is  its  relative  inefficiency. 

The  Planar  Magnetic.  This  is  an 
eiectrodynamsc  driver  that  outwardly 
looks  like  an  electrostatic  speaker.  As 
we  have  already  mentioned,  the  elec¬ 
trostatic  driver  utilizes  a  large  planar 
diaphragm  of  low  mass  to  achieve  ex¬ 
cellent  transient  response,  and  the 
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planar  magnetic  is  its  electromagnetic 
analog.  This  driver  has  a  lightweight 
planar  diaphragm  with  a  pattern  of 
conducting  material  bonded  to  its  sur¬ 
face.  The  diaphragm  is  placed  be¬ 
tween  two  perforated  magnets,  thus 
forming  a  voice-coil/magnet  "motor,11 
Audio  current  passes  through  the  dia¬ 
phragm's  conductor,  generating  a 
magnetic  field  that  interacts  with  the 
static  magnetic  field  to  produce  the 
force  which  generates  the  sound 
waves.  The  driver  has  the  good  tran- 
sient  response  and  other  advantages 
of  electrostatics.  It  is  hung  on  a  frame 
support,  so  there  is  no  box  to  in¬ 
troduce  coloration,  but  bass  cancella¬ 
tion  is  a  problem.  In  a  full-range  planar 
magnetic  system,  two  or  more  drivers 
are  often  used  because  individual 
drivers  do  become  directional  at 
wavelengths  small  compared  to  their 
dimensions.  This  driver  was  pio¬ 
neered  by  Magnepan,  and  that  com¬ 
pany's  speaker  systems  use  only  pla- 


Walsh  driver  used  in 
the  Ohm  F  speaker  system 


nar  magnetic  drivers.  The  driver's 
main  disadvantage  is  inefficiency.  The 
planar  magnetic  driver  need  not  be  a 
full-range  transducer.  For  example. 
Infinity  Systems  makes  a  planar  mag¬ 
netic  tweeter  (they  call  it  the  EMIT 
tweeter)  which  it  includes  in  most  of  its 
speaker  systems. 

Heit  Drivers.  A  distant  relative  of 
the  planar  magnetic  driver  is  the  Heit 
Air  Motion  Transformer  or  AMTf  a 
midrange  and  high-frequency  driver 
found  in  speakers  manufactured  by 
ESS.  Its  diaphragm  utilizes  a  light¬ 
weight  Mylar  material  with  an  imprint¬ 
ed  conductor  pattern,  but  there  the 
similarity  with  the  planar  magnetic  just 
about  ends.  In  the  Hell  driver,  the  dia¬ 
phragm  is  folded  up  like  an  accordion 
and  is  placed  in  a  uniform  magnetic 
field.  Application  of  audio-frequency 
current  generates  a  magnetic  field, 
which  causes  the  many  folds  to 
squeeze  air  out  from  between  them, 
producing  sound.  The  AMT  is  a  high- 
efficiency  device  capable  of  uniform 
response  from  the  midrange  to  very 
high  frequencies. 

The  high  efficiency  of  the  Heii  AMT 
tweeter  prompted  experimentation 
with  a  low-frequency  driver  of  the 
same  design.  This  turned  out  to  be 
problematic— the  Heil  driver  has  a 
cavity  resonance  above  its  nominal 
operating  range.  In  the  case  of  the 
tweeter,  the  resonance  falls  in  the  ul¬ 
trasonic  region,  but  a  Heil  woofer 
would  resonate  in  the  midrange.  Un¬ 
daunted.  Dr,  Oskar  Heil  designed 
another  equally  unusual  driver,  the 
ATD  woofer.  This  unit  has  five  small 
(4-inch  or  10,2-cm)  lightweight  hori¬ 
zontal  diaphragms  mounted  one 
above  the  other,  all  connected  by  a 
set  of  four  lightweight  carbon-fiber 
rods.  The  rods  are  driven  by  a  con¬ 
ventional  voice-coil  assembly,  and 
they  in  turn  excite  the  diaphragms. 
The  diaphragms  are  mounted  in 
acoustic  reflectors  that  isolate  the  "top 
wave'1  radiation  from  the  "bottom 
wave  The  entire  columnar  driver  is 
mounted  on  a  large,  flat  baffle  intend¬ 
ed  to  isolate  front  and  back  radiation 
as  much  as  possible,  but  bass  cancel¬ 
lation  is  a  problem  with  this  design. 

Piezoelectric  Drivers.  An  alterna¬ 
tive  driver  for  the  high  frequencies  is 
offered  by  the  piezoelectric  driver.  Pi¬ 
oneer  uses  a  novel  tweeter,  dubbed 
the  HPM,  which  is  made  of  a  piezoe¬ 
lectric  polymer  it  developed.  This  is  a 


plastic-like  material  that,  unlike  a  crys¬ 
tal,  can  be  made  into  thin  sheets  and 
fashioned  into  a  variety  of  shapes. 
The  HPM  driver  utilizes  the  film  in  a 
cylindrical  configuration,  and  is  loaded 
with  an  acoustic  "lens"  to  control  dis¬ 
persion.  Transient  and  high-frequency 
response  of  the  driver  is  very  good  be¬ 
cause  the  moving  mass  of  the  dia¬ 
phragm  is  negligible.  The  driver  oper¬ 
ates  by  the  structural  expansion  and 
contraction  of  the  film.  It  is,  however, 
inappropriate  for  low-frequency  ap¬ 
plications  as  it  is  incapable  of  large  air 
displacements. 

The  “Massless”  Driver.  The  plas¬ 
ma  driver,  found  in  the  Hill  Type-1 
speaker  system  by  Plasmatronics,  is 
a  realization  of  the  loudspeaker  engi¬ 
neer  s  dream—a  transducer  with  es¬ 
sentially  no  mass.  Sound  radiation  is 
achieved  by  the  expansion  and  con¬ 
traction  of  ionized  air  through  which 
an  audio  current  is  passed.  In  the 
ptasma  driver,  an  air/helium  mixture 
In  a  small  cavity  is  subject  to  a  high- 
voltage  discharge  which  completely 
ionizes  it  (strips  valence  electrons 
from  the  molecules  to  produce  pos¬ 
itive  and  negative  ions).  The  gas  then 
becomes  an  electrically  conductive 
plasma.  Passage  of  audio-frequency 
current  through  the  plasma  causes  lo¬ 
cal  temperature  and  pressure  fluctua¬ 
tions,  the  pressure  fluctuations  being 
sound  waves.  Because  the  plasma 
driver  has  no  diaphragm  and  effec¬ 
tively  no  mass,  it  has  excellent 
high-frequency  and  transient  re¬ 
sponse.  The  idea  is  not  new.  but  the 
Plasmatronics  driver  is  said  to  elimi¬ 
nate  many  of  the  drawbacks  of  older 
designs,  such  as  noisy  operation  and 
carbonizing  of  the  electrodes.  In  the 
Hill  Type-1  system,  the  plasma  driver 
handles  frequencies  from  700  Hz  up, 
ltfs  major  disadvantage  is  high  operat¬ 
ing  cost.  Bottles  of  pressurized  helium 
are  built  into  the  loudspeaker  systems 
and  must  be  replaced  an  average  ot 
two  or  three  times  annually,  for  an  op¬ 
erating  cost  of  about  30C  per  hour. 

The  Enclosures. 

The  area  of  perhaps  the  most  con¬ 
troversy  among  loudspeaker  engi¬ 
neers  and  audiophiles  has  been  the 
design  of  the  enclosure.  Predictably, 
there  has  been  a  proliferation  of  en¬ 
closure  types,  each  characterized  by 
certain  advantages  and  disadvan- 
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tages.  What  follows  is  a  discussion  of 
the  role  of  the  enclosure  in  sound  re¬ 
production  and  an  examination  of 
those  types  found  in  today's  systems. 

The  Infinite  Baffle.  The  simplest 
speaker  enclosure,  the  infinite  baffle, 
neatly  illustrates  the  role  the  enclo¬ 
sure  plays.  We  have  already  men¬ 
tioned  that  such  transducers  as  dy¬ 
namic  and  electrostatic  drivers  radiate 
two  out-of-phase  components.  The 
process  is  shown  in  Fig,  2,  When  the 
cone  of  the  dynamic  driver  moves  for¬ 
ward,  the  air  in  front  is  pressurized 
and  the  air  behind  is  rarefied  (A).  The 
reverse  occurs  when  the  diaphragm  is 
moving  backward  (0).  A  substantial 
pressure  gradient  is  therefore  set  up 
by  the  motion  of  the  loudspeaker's 
diaphragm. 

When  driven  by  a  low-frequency 
signal,  the  diaphragm  moves  relative¬ 
ly  slowly  and  radiates  long  acoustic 
wavelengths.  In  an  attempt  to  equal¬ 
ize  pressures,  the  compressed  air 
rushes  to  the  other  side  of  the  cone. 
This  results  in  the  mutual  cancellation 
of  the  two  out- of- phase  sound  waves, 
and  little  acoustic  energy  is  radiated. 
At  higher  frequencies,  however,  the 
diaphragm  is  moving  much  more 
quickly  and  wavelengths  are  short. 
The  pressurized  air  does  not  have 
time  to  reach  the  rarefied  region  and 
destructive  interference  does  not  oc¬ 
cur,  Cancellation,  therefore,  is  a  prob¬ 
lem  encountered  principally  in  the 
bass  region. 

To  prevent  bass  cancellation,  the 
driver  can  be  mounted  on  an  infinite 
baffle  (Fig.  2C),  In  theory  an  infinitely 
large  flat  surface.  Such  a  baffle  will 
prevent  any  destructive  interference 
by  totally  shielding  the  rarefied  region. 
Obviously,  no  baffle  can  be  infinitely 
large,  and  practical  "infinite''  baffles 
have  finite  dimensions. 

The  baffle  must  be  targe  if  satisfac¬ 
tory  bass  reproduction  is  to  be 
achieved.  This  is  the  drawback  of  the 
infinite  baffle  principal.  Good  design 
practice  dictates  that,  with  the  driver 
mounted  at  the  center  of  the  baffle. 


the  dimension  of  any  one  side  should 
not  be  less  than  one  wavelength  at 
the  lowest  frequency  to  be  repro¬ 
duced.  For  a  cutoff  frequency  of  40 
Hz,  the  baffle  size  on  each  side  of 
center  should  therefore  be  1 A  feet  (A  .3 
m).  Few  listening  rooms  can  accom¬ 
modate  such  a  structure! 

Sealed  Enclosures.  To  attempt  to 
provide  the  infinite  baffle's  prevention 
of  bass  cancellation  in  a  design  of 
more  manageable  dimensions, 
sealed  enclosures  are  used,  if  the 
driver  is  mounted  in  a  sealed  box,  the 
back  wave  has  no  place  to  go  and 
stays  inside  the  cabinet.  The  enclo¬ 
sure  must  be  filled  with  sound-absorb¬ 
ing  material  to  damp  the  rear  radiation 
of  the  diaphragm.  Otherwise,  standing 
waves  will  form  at  any  frequency 
where  one  dimension  of  the  box 
equals  an  integral  multiple  of  one-half 
wavelength  of  the  radiated  sound 
wave.  As  a  result,  not  only  would  the 
system's  frequency  response  suffer, 
but  also  the  mechanical  resonances 
of  the  box  itself  would  be  excited  by 
the  sound  pressures  created  by  the 
standing  waves. 

The  sealed  box  has  its  problems.  It 
is  inherently  inefficient  because  all  of 
the  rear  radiation  is  damped  out  and 
converted  into  heat.  Sealed  enclo¬ 
sures  housing  standard  woofers  must 
be  large  if  significant  bass  output  is  to 
be  obtained,  because  the  acoustic 
impedance  seen  by  the  rear  of  the 
driver  will  increase  as  the  box  volume 
decreases.  Furthermore,  if  the  air  in 
the  box  is  too  stiff  for  the  driver,  the 
fundamental  resonant  frequency  of 
the  system  wilt  be  too  high  for  good 
bass  performance.  This  design,  how¬ 
ever,  enjoys  the  significant  advantage 
of  having  a  relatively  gradual  roll-off  in 
low-frequency  response  below  the 
fundamental  resonance  (about  12  dB 
per  octave).  This  means,  among  other 
things,  that  the  system  won’t  ring 
excessively  at  resonance. 

One  special  type  of  sealed  box  is 
the  acoustic  suspension  enclosure.  In 
this  design,  a  woofer  with  a  very  com¬ 
pliant  suspension  is  placed  in  a  small 
sealed  box.  The  small  volume  of  air  in 
the  box  has  a  high  acoustic  reactance 
that  compensates  for  the  high  me¬ 
chanical  compliance  of  the  driver.  The 
box  is  completely  sealed,  with  the 
back  radiation  of  the  woofer  absorbed 
by  damping  material.  This  scheme  en¬ 
ables  a  suitable  driver  mounted  in  an 
enclosure  of  small  dimensions  to  re¬ 


produce  very  low  frequencies.  The 
acoustic  suspension  enclosure  was 
introduced  to  audiophiles  in  the 
1 950’s  by  Edgar  Villichur  of  Acoustic 
Research,  and  was  largely  responsi¬ 
ble  for  the  bookshelf  speaker  coming 
into  its  own.  The  design  is  found  in 
many  contemporary  speaker  systems 
and  can  be  viewed  as  a  sealed-box 
enclosure  with  a  special  matching  of 
the  woofer  compliance  to  the  volume 
of  the  box. 

An  interesting  variation  on  the 
acoustic  suspension  theme  has  been 
developed  by  Cerwin-Vega  which  the 
company  calls  Thermo-Vapor  Sus¬ 
pension.  It  involves  the  use  of  an 
acoustic  suspension  enclosure  filled 
with  a  gas  that  for  a  given  volume  is 
more  compressible  (compliant)  than 
air.  The  Cerwm-Vega  design  results  in 
high-level  deep  bass  from  a  small  en¬ 
closure  with  relatively  high  efficiency. 
(Most  acoustic  suspension  designs 
are  notoriously  inefficient.) 

The  Bass  Reflex.  To  make  use  of 
the  rear  radiation  that  goes  to  waste  in 
a  sealed  box,  the  bass  relex  was  intro¬ 
duced.  An  enclosure  of  this  type  is  not 
completely  sealed.  Rather,  it  has  an 
opening  (a  "port"  or  “vent")  of  careful¬ 
ly  selected  proportions  that  acts  as  a 
sound  radiator  at  very  low  frequencies 
to  reinforce  the  frontwave  output  of 
the  driver.  The  port  is  “tuned"  (its  area 
and  length  predetermined)  to  radiate 
in  phase  with  the  active  driver.  The 
bass  reflex  enclosure  is  really  a  Helm¬ 
holtz  resonator— of  the  same  sort  as  a 
wine  jug  or  an  ocarina — because 
when  excited  by  sound  waves  of  the 
right  wavelength  it  resonates  and  pro¬ 
duces  sound  from  the  port. 

If  a  ported  system  is  designed  prop¬ 
erly,  bass  output  is  augmented  and 
the  overall  efficiency  of  the  system 
compared  to  that  of  a  sealed  enclo¬ 
sure  is  increased.  The  box  volume 
can  be  made  quite  small  and  still  gen¬ 
erate  significant  bass  output.  The  en¬ 
closure's  disadvantages  are  an  un¬ 
evenness  in  bass  output  and  a  nota¬ 
ble  tendency  to  ring  near  the  frequen¬ 
cy  of  resonance,  (Vented -box  sys¬ 
tems  roll  off  at  18  dB  per  octave  below 
the  system  resonance.)  Still,  the  de¬ 
sign  is  fundamentally  successful,  and 
this  is  verified  by  the  fact  that  a  vast 
number  of  speaker  systems  on  the 
market  today  employ  it. 

The  Acoustic  Labyrinth.  This  is 
another  distinct  enclosure  type,  al- 
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though  its  most  common  incarnation, 
the  transmission  tine  (see  Fig-  3),  is 
rudirnentarily  simitar  to  the  bass  reflex 
design.  The  basic  concept  behind  the 
acoustic  labyrinth  is  to  provide  a  long 
acoustic  path  behind  the  woofer  for  at¬ 
tenuation  and  phase  shifting  of  differ¬ 
ent  components  of  the  woofer's  rear 
radiation.  One  way  to  achieve  this  re¬ 
sult  is  to  set  up  a  complex  series  of  in¬ 
ternal  baffles  within  the  enclosure, 
these  being  filled  with  sound-absorb¬ 
ing  material.  This  is  often  impractical 
as  the  cabinet  must  be  quite  large. 

The  transmission  line  is  basically  a 
long  duct,  one  end  of  which  is  coupled 
to  the  rear  of  the  woofer  The  other 
end  terminates  in  a  port.  The  duct  ac¬ 
complishes  two  things,  First,  it  pro¬ 
vides  a  long  path  for  attenuation  of  the 
rear  radiation  of  the  woofer  at  certain 
frequencies.  Secondly,  it  results  in 
reinforcement  of  the  woofers  front- 
wave  output  near  the  system's  funda¬ 
mental  resonance.  The  duct  is  filled 
with  sound-absorbing  material,  and 
the  frequency-dependent  characteris¬ 
tic  of  the  attenuation  is  such  that  very 
long  wavelengths  are  relatively  unaf¬ 
fected.  but  the  shorter  wavelengths 
(which  comprise  most  of  the  woofer's 
output)  are  strongly  suppressed.  The 
unattenuated  sound,  which  is  very  low 
in  frequency,  reaches  the  port  in 
phase  with  the  front  wave  of  the  woof¬ 
er  and  augments  it.  The  interesting 
twist  to  this  design  is  that  the  sound¬ 
absorbing  material  in  the  duct  not  only 
attenuates  acoustic  energy,  but  also 
maintains  a  slower  speed  of  sound 
propagation  than  that  in  air.  This 
means  that  for  a  given  frequency,  the 
wavelength  of  a  sound  wave  will  be 
shorter  in  the  duct  than  it  would  be  in 
air.  The  duct  can  therefore  be  made  to 
reinforce  very  low  audio  frequencies 
without  being  enormously  long— 
transmission  lines  of  8  feet  in  length 
can  provide  useful  response  down  to 
around  30  Hz, 

The  actual  transmission  line  need 
not  be  a  straight  tube.  To  the  contrary, 
it  is  almost  always  a  folded  duct.  Re¬ 
flections  from  the  folds  in  the  duct  are 
minimized  by  using  densely-packed 
absorbing  material  at  these  spots. 


The  ideal  absorbing  material  is  not  the 
fiberglass  insulation  universally  used 
in  other  enclosures  but  long-fiber 
wool.  Transmission  line  speakers  with 
awesome  bass  output  can  be  made 
surprisingly  small — perhaps  the  best 
example  of  this  being  the  Obelisk  pro¬ 
duced  by  Shahinian  Acoustics.  The 
speaker  system,  which  measures  only 
26-14  x  14  x  12  inches  (67.9  x  35,6  x 
30.5  cm),  can  really  hold  its  own  on 
pipe  organ  music.  What  you  gain  in 
clean  bass  from  a  transmission  line 
you  pay  for  in  terms  of  efficiency. 
These  systems  are  generally  less  effi¬ 
cient  than  bass  reflex  designs. 

The  Passive  Radiator.  A  more  di¬ 
rect  spin-off  of  the  bass  reflex  enclo¬ 
sure  is  one  that  replaces  the  port  with 
a  passive  diaphragm — the  passive  ra¬ 
diator,  Although  the  acoustic  imped¬ 
ance  seen  at  the  diaphragm  ’Vent1'  is 
different  from  that  in  a  ported  system, 
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the  passive  radiator  works  according 
to  the  same  basic  principles  The  box 
resonates  at  a  frequency  near  the  fun¬ 
damental  resonance  of  the  active  driv¬ 
er,  at  which  point  the  passive  radiator 
augments  the  output  of  the  driver. 

It  is  worth  mentioning  that  ported 
designs  in  general  have  reached  a 
high  level  of  sophistication  in  recent 
years  due  to  the  application  of  a  uni¬ 
fied  theory  of  vented-box  speakers 
developed  by  A,  N.  Thiele.  Thiele’s 
theory  has  enabled  designers  to  opti¬ 
mize  bass  reflex  designs  in  a  relative¬ 
ly  straightforward  manner.  The  result 
has  been  an  increasing  number  of 
ported  systems  without  many  of  the 
uneven  response  problems  of  the  old¬ 
er  bass  reflex  systems, 

Homs.  Wo  discussion  of  speaker  en¬ 
closures  would  be  complete  without 


some  mention  of  horns.  A  number  of 
speaker  systems  available  today  use 
horns  on  some  of  the  individual  driv¬ 
ers,  almost  always  the  midrange  and 
high-frequency  units,  A  horn  is  basi¬ 
cally  an  acoustic  transformer  that  cou¬ 
ples  the  air  at  the  surface  of  the  driv¬ 
er's  diaphragm  with  the  air  in  the  lis¬ 
tening  room.  The  ‘  throat'’  of  the  horn 
is  small  and  fits  over  the  diaphragm. 
Its  "mouth”  is  much  larger  and  con¬ 
ducts  the  radiated  sound  waves  into 
the  room. 

The  horn  permits  driver  displace¬ 
ment  to  be  small  without  sacrificing 
acoustic  output.  This  means  lower 
distortion  and  higher  power-handling, 
as  well  as  increased  efficiency.  The 
dimensions  and  shape  of  a  horn  must 
be  carefully  determined  for  the  device 
to  function  without  acting  as  a  reso¬ 
nant  tube.  In  addition,  the  interface 
between  the  driver  and  horn  must  be 
set  up  to  avoid  phase  cancellation  due 
to  diffraction.  For  this  reason,  Hphas- 
ing  plugs"  are  used  to  couple  the  driv¬ 
er  with  the  horn. 

You'll  find  horns  used  mainly  as 
midrange  and  high-frequency  drivers 
in  most  hi-fi  systems  because  they  are 
of  manageable  size.  Predictably,  the 
effective  horn  length  required  for  bass 
frequencies  is  very  large.  (You  can 
sometimes  see  bass  speaker  bins 
with  straight  horns  at  rock  concerts. 
They  are  very  long,  as  much  as  6  to  8 
feet  or  1,8  to  2,4  meters.)  One  solu¬ 
tion  to  the  size  problem  is  the  "folded" 
horn  in  which  the  horn  is  folded  back 
on  itself  to  decrease  the  overall  size  of 
the  cabinet.  The  famous  Klipschorn 
speaker  uses  this  principle,  as  shown 
in  Fig.  4.  However,  the  horns  are  dif¬ 
ficult  and  expensive  to  construct. 

Most  horn  designs  seen  today  are 
not  new.  Folded  horns,  multicell 
horns,  and  sectoral  horns  have  all 
been  around  for  a  while.  One  interest¬ 
ing  design  used  by  JBL,  among  oth¬ 
ers,  involves  the  use  of  an  acoustic 
lens  at  the  horn  mouth.  These  lenses 
look  somewhat  like  the  louvers  on  a 
ventiflation  duct.  Their  purpose  is  to 
alter  the  directional  characteristics  of 
the  horn — an  important  task,  because 
many  horns  tend  to  beam  severely  in 
parts  of  their  frequency  ranges,  result¬ 
ing  in  a  shrill  sound.  Other  develop¬ 
ments  in  horns  include  improved 
structural  designs  for  making  the  horn 
rigid  and  lightweight  (and  less  expen¬ 
sive),  and  the  use  of  novel  phasing 
plugs  such  as  the  "Tangerine"  devel¬ 
oped  by  Altec. 
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The  System. 

If  a  speaker  design  is  to  be  suc¬ 
cessful,  it  must  be  engineered  as  a 
system,  with  each  component  de¬ 
signed  to  work  harmoniously  with  all 
the  others.  Accordingly ,  there  have 
been  design  innovations  that  involve 
the  overall  system  rather  than  one 
particular  component  such  as  the  driv¬ 
er,  crossover  network  or  enclosure. 
Some  of  these  innovations  flow  from 
considering  the  listening  room  as  pari 
of  the  audio  system.  Others  are  due  to 
increased  attention  to  phase  re¬ 
sponse,  low-bass  response,  etc.  Let’s 
look  at  how  this  systems  approach  is 
affecting  loudspeaker  design. 

The  Room/Speaker  Interface. 

From  the  loudspeaker  engineer's 
point  of  view,  the  least  controllable 
element  in  any  audio  system  is  the 
room/speaker  interface  and  a  number 
of  speaker  designers  have  directed 
their  attention  to  trying  to  cope  with  it. 
An  excellent  example  of  this  height¬ 
ened  sensitivity  to  room  effects  Is  the 
well-known  Bose  901  series  of  loud¬ 
speakers.  whose  design  is  based  on 
what  Bose  calls  Direct/Reflected 
Sound,  The  901  system  employs 
eight  rear-firing  drivers  and  one  front¬ 
firing  driver.  Its  rear  baffle  is  angled  to 
direct  the  two  sets  of  four  drivers  each 
to  different  room  areas,  and  the  front 
baffle  has  a  mild  curvature.  This  sys¬ 
tem,  when  used  in  a  reasonably  rever¬ 
berant  room,  will  reflect  large  amounts 
of  sound  off  the  walls,  creating  a  re¬ 
flected  sound  field  that  works  with  the 
direct  sound  of  the  front  driver  to  pro¬ 
duce  a  feeling  of  spaciousness  and  a 
''concert  hair  effect.  Another  interest¬ 
ing  feature  of  the  design  is  the  fact 
that  its  drivers  are  all  4-inch  cone  ra¬ 
diators.  Low-frequency  reproduction 
is  achieved  by  constructive  interfer¬ 
ence  of  the  many  drivers,  whose  in¬ 
dividual  outputs  combine  in  phase  at 


Fig.  4 .  Large  bass  horn 
can  be  folded  into  a 
structure  of  more 
manageable  dimensions . 

Wraf/s  of  room 
act  as 
extensions 
of  the  horn. 


low  frequencies  to  give  the  desired 
bass  output.  These  drivers  are  some¬ 
what  limited  in  high-frequency  re¬ 
sponse,  so  an  equalizer  is  provided 
with  the  system  to  adjust  the  charac¬ 
teristic  of  the  drive  signal  accordingly. 

Allison  Acoustics  also  designs  its 
speakers  with  the  listening  room  in 
mind.  The  Allison  Model  1,  for  exam¬ 
ple,  has  a  prism-shaped  columnar  en¬ 
closure  with  side-firing,  acoustic-sus¬ 
pension  woofers  placed  to  minimize 
frequency-response  aberrations  due 
to  room  reflections,  Allison's  Model  4 
is  a  true  bookshelf  system  designed  to 
use  the  shelf  to  its  advantage.  The 
woofer  Is  placed  at  the  top  of  the  cabi¬ 
net  and  effectively  radiates  into  the 
shelf.  Again,  standing-wave  formation 
is  minimized  with  this  scheme.  The 
top-of-line  AR  speaker,  the  AR-9,  also 
employs  side- firing  woofers. 

It  should  be  mentioned  that  alt 
speakers  are  to  some  extent  sensitive 
to  room  placement.  As  a  rule,  those 
designed  to  take  the  listening  room  di¬ 
rectly  into  account  are,  not  surprising¬ 
ly,  more  sensitive  to  room  placement 
than  others.  To  get  smooth  frequency 
response  and  optimum  directional 
characteristics,  speaker  placement 
must  be  experimented  with  until  the 
‘Tight"  location  for  a  room  is  found. 

A  number  of  speakers  on  the  mar¬ 
ket  today  permit  you  to  alter  their  di¬ 
rectional  characteristics  to  suit  a  par¬ 
ticular  room.  One  representative  sys¬ 
tem  is  Infinity's  massive  Quantum 
Reference  Standard,  which  has  both 
forward-  and  rear-firing  tweeters 
mounted  on  a  cabinet  with  “flaps"  that 
swivel  in  the  horizontal  plane.  Moving 
the  flaps  enables  you  to  change  the 
dispersion  characteristics  of  the 
speaker.  The  Leak  Model  3090 
speaker  system  has  its  mid-range  and 
high-frequency  drivers  in  a  separate 
enclosure  from  the  woofer.  The  two 
enclosures  are  connected  by  a  swivel¬ 
ing  mount.  This  enables  the  listener  to 
change  the  firing  position  of  the  woof¬ 
er  relative  to  the  higher-frequency 
drivers.  For  example,  the  woofer  can 
be  aimed  at  a  nearby  wall,  and  the 
midrange  and  tweeter  pointed  directly 
at  the  listener. 

“Linear  Phase11  Speakers.  The 

philosophy  of  the  new  linear  phase 
speaker  is  this:  if  phase  effects  are  im¬ 
portant  in  program  listening*  the  hhfi 
system  should  have  flat  phase-vs.  -fre¬ 
quency  response  as  well  as  flat  ampli- 
tude- vs, -frequency  response.  For  a 
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speaker  to  have  flat  phase  response, 
it  should  introduce  no  phase  shift  that 
can  be  detected  at  the  listener's  posi¬ 
tion.  Now.  the  typical  multi-way 
speaker  system  does  introduce  phase 
shift,  bcause  of  the  effects  of  its  cross¬ 
over  circuits,  and  because  of  the  fact 
that  the  different  drivers,  mounted  on 
a  flat  baffle,  have  effective  centers  of 
radiation  that  are  spatially  displaced, 
resulting  in  a  path-length  difference 
between  each  driver  and  the  listener  s 
ears.  In  fact,  the  phase  shift  intro¬ 
duced  in  the  crossover  is  the  more  se¬ 
rious  of  the  two  because  there  is  a 
iarge  discontinuity  in  the  phase  re¬ 
sponse  of  the  network  at  the  crossov¬ 
er  frequency.  The  sharper  the  cross¬ 
over's  filters  (say,  having  rolloffs  of  12 
or  1 8  dB/octave  as  opposed  to  6  dB/ 
octave),  the  greater  the  discontinuity. 
On  the  other  hand,  the  path  length  dif¬ 
ference  resulting  from  the  mounting  of 
the  drivers  creates  a  time  delay  on  the 
order  of  1  millisecond,  which  trans¬ 
lates  to  about  6  degrees  of  phase  shift 
at  1000  Hz, 

Bang  and  Olufsen  was  a  major 
force  in  the  early  work  on  phase-com¬ 
pensated  speakers.  The  most  inter¬ 
esting  work  in  this  area  has  involved 
the  design  of  crossover  networks  that 
eliminate  phase  anomalies.  The  ideal 
crossover  for  flat  phase  response 
uses  active  circuits  (that  is.  multi- 
amping  is  necessary)  and  a  "filler" 
driver  that  is  active  over  a  narrow 
band  of  frequencies  centered  at  the 
crossover  frequency.  The  filler  driver 
is  not  intended  to  radiate  significant 
acoustic  power  over  a  wide  band¬ 
width  .  Rather,  it's  there  only  to  smooth 
out  the  rift  in  the  phase-response 
curve  without  serious  disruption  of  the 
amplitude  response. 

In  Bang  and  Olufsen's  phase-com¬ 
pensated  speakers,  the  filler-driver/ 
crossover  combination  is  employed 
and  the  drivers  are  mounted  on  an  an¬ 
gled  baffle.  The  angle  of  the  baffle  is 
set  so  that,  at  the  hypothetical  listen¬ 
ing  position,  there  is  no  path-length 
difference  between  the  two  drivers. 
Even  though  B&O  systems  use  filler 
drivers,  they  don’t  require  multi- 
amping  because  the  filler  drivers  are 


carefully  designed  to  work  with  pas¬ 
sive  crossover  networks  (they  are 
more  efficient  than  the  main  drivers, 
for  one  thing), 

A  number  of  other  manufacturers, 
such  as  Technics  and  B&W,  have  pro¬ 
duced  systems  intended  to  have  flat 
phase  response.  All  of  these  systems 
utilize  offset  mounting  of  the  drivers, 
with  the  tweeter  generally  set  several 
inches  in  back  of  the  woofer  to  elimi¬ 
nate  path-length  differences.  Often, 
for  example,  the  main  cabinet  houses 
the  woofer  and  the  midrange  and 
tweeter  are  mounted  on  small  baffles 
Set  back  on  top  of  the  woofer  enclo¬ 
sure.  It’s  worth  noting  that  the  Walsh 
driver  mentioned  earlier  (it+s  em¬ 
ployed  in  the  Ohm  F  system)  is,  be¬ 
sides  its  other  qualities,  a  true  linear- 
phase  speaker. 

It  must  be  said  that  there  is  no 
agreement  as  to  whether  a  speaker 
with  flat  phase  response  is  necessary. 
In  fact,  a  growing  body  of  evidence  in¬ 
dicates  that,  when  music  or  speech 
program  material  is  heard  in  a  rever¬ 
berant  environment,  phase  effects  are 
of  little  importance  to  the  listener  It  is 
only  with  specialized  test  signals  and 
very  specialized  listening  environ¬ 
ments  that  phase  effects  other  than 
basic  phase  cancellation  (destructive 
interference)  can  be  heard.  After  allt 
the  typical  listening  room,  introducing 
sound  reflections  as  it  does,  totally 
randomizes  the  phase  information  in 
the  acoustic  signal  by  the  time  it 
reaches  the  listener’s  ears.  It  has 
been  said  that  "it  can't  hurt"  to  have  a 
linear-phase  speaker,  which  is  true, 
ideally.  But  a  number  of  designs  cur¬ 
rently  on  the  market  introduce  ampli¬ 
tude  response  aberrations  due  to  dif¬ 
fraction  effects  caused  by  the  offset 
mounting  of  the  drivers.  These  re¬ 
sponse  anomalies  are  audible.  This  is 
worthy  of  consideration,  because  a 
number  of  manufacturers  go  to  great 
pains  to  make  their  baffles  smooth 
and  free  of  structural  discontinuities 
simply  to  minimize  diffraction  of 
high-frequency  sound  (consider  the 
latest  designs  by  Avid,  for  example). 

Electrostatic  Systems,  As  men¬ 
tioned  earlier,  a  solution  to  the  limited- 
output  problem  of  electrostatics  is  ex¬ 
emplified  by  the  formidable  Dayton 
Wright  electrostatic  speaker.  The 
electrodes  and  diaphragm  are  im¬ 
mersed  in  an  atmosphere  of  SF6, 
which  can  support  very  high  polarizing 
and  driving  voltages  without  breaking 


"Linear  phase"  speaker  system. 


down  and  arcing.  Hence,  the  Dayton 
Wright  system  Is  capable  of  generat¬ 
ing  more  acoustic  output  than  stand¬ 
ard  electrostatics.  The  system  is  pro¬ 
vided  with  a  special  power  amplifier 
that  is  capable  of  driving  the  almost 
totally  reactive  load  of  the  speakers 
(which  would  be  a  horror  for  many 
conventional  amplifiers).  The  Dayton 
Wright  is  a  two-way  system.  Frequen¬ 
cies  above  10,000  Hz  are  handled  by 
a  piezoelectric  tweeter. 

Another  novel  (and  equally  mas¬ 
sive)  electrostatic  system  is  the  Bev¬ 
eridge  2SW.  This  speaker  employs  a 
single  6-foot  electrostatic  panel,  but 
the  driver  is  loaded  with  a  unique 
acoustic  lens  that  gives  the  system 
wide  dispersion  in  the  horizontal 
plane.  Ordinarily,  a  single  electrostatic 
panel  would  become  highly  directional 
at  high  frequencies,  especially  if  it 
were  large  enough  to  provide  signifi¬ 
cant  bass  output.  In  the  Beveridge 
speaker,  the  effective  size  of  the  ra¬ 
diator  is  quite  small,  because  the 
mouth  of  the  lens  is  a  narrow  slit  rath¬ 
er  than  a  large,  wide  panel.  The  Bev¬ 
eridge  system  is  provided  with  a  spe¬ 
cially-designed  vacuum  tube  power 
amplifier  as  well  as  two  subwoofers  to 
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augment  the  electrostatic  driver's 
bass  output  in  the  lowest  octave. 

The  Beveridge  2SW  represents  an 
investing  means  of  obtaining  con- 
trotted  high-frequency  output  from  an 
electrostatic  speaker.  Other  designers 
take  different  approaches,  such  as 
multi-way  systems  with  two  or  more 
electrostatic  drivers  of  different  panel 
sizes.  Some  manufacturers,  such  as 
RTR.  utilize  electrostatic  tweeters 
composed  of  several  small  panels 


placed  at  angles  to  one  another  so 
they  radiate  into  a  wide  solid  angle. 

Equalized  Systems.  Some  de¬ 
signers  utilize  electronic  equalizers  to 
compensate  for  frequency  response 
deficiencies  of  the  speaker  system,  as 
is  done  in  the  Bose  901  series  men¬ 
tioned  earlier.  These  equalizers  are 
generally  placed  between  the  preamp 
and  power  amp,  and  have  either  fixed 
equalization  or  a  minimum  of  user 
controls  so  their  performance  isn’t  hin¬ 
dered  by  user  adjustments.  Another 
example  of  equalized  systems  is  Elec¬ 
tro-Voice’s  Interface  line  of  speakers, 
some  of  which  include  equalizers  that 
smooth  out  bass  response  and  control 
high-frequency  roll-off. 

Powered  Speakers,  Speaker  de¬ 
signers  who  want  absolute  control 
over  the  electronic  circuits  to  be  inter¬ 
faced  with  their  systems  use  powered 
speakers.  These  speakers  contain 
power  amplifiers  that  are  built  right 
into  the  speaker  cabinet.  Systems  of 
this  kind  are  almost  always  multi- 
amped.  That  is.  the  system  will  con¬ 
tain  a  separate  amplifier  for  each  driv¬ 
er,  as  well  as  an  electronic  crossover 
at  the  input,  so  you  drive  the  ’'speak¬ 
er"  with  the  output  of  a  preamp.  There 
are  some  obvious  advantages  to  this 
scheme.  For  one  thing,  it  is  probably 
the  most  cost-effective  way  to  drive  a 
speaker  system,  Multi-amping  en¬ 
ables  you  to  match  each  transducer 
with  its  appropriate  drive  level,  and 
therefore  gives  you  a  maximally  effi¬ 
cient  system.  Additionally,  there  are 
none  of  the  powder  losses  that  occur  in 
higher-order  passive  networks,  so  you 
can  provide  each  driver  directly  with 
only  the  power  it  needs  and  no  more. 
(This  isn’t  really  critical  in  hi-fi  sys¬ 
tems,  but  if  you're  setting  up  a  stage 
system  for  the  Grateful  Dead  or  de¬ 
signing  a  monitor  system  for  a  big  stu¬ 
dio,  it  is,)  Other  advantages  of  multi- 
amping  are  potentially  lower  distortion 
and  smoother  frequency  response. 
Regarding  the  latter,  the  active  cross¬ 
over  can  be  designed  to  introduce  no 
phase  shift  of  one  band  relative  to 
another.  Accordingly,  near  the  cross¬ 
over  point,  where  more  than  one  driv¬ 
er  is  radiating  the  same  signal,  de¬ 
structive  interference  won’t  occur.  In 
any  event,  if  multi-amping  is  important 
in  a  particular  application,  the  pow¬ 
ered  loudspeaker  is  an  efficient  way  to 
do  it.  Another  feature,  exemplified  by 
the  Powered  Advent  speaker  system, 


is  compactness.  The  bulky  power 
amps  are  built  right  into  the  cabinet. 

The  ultimate  powered  speaker  sys¬ 
tem  is  one  that  utilizes  motional  feed¬ 
back  to  correct  for  driver  nonlinearities 
such  as  in  the  Philips  RH-545.  This  is 
a  three-way  tri-amp  lified  system  with 
a  small  transducer  mounted  on  the 
woofer  cone.  The  transducer  gener¬ 
ates  a  signal  proportional  to  the  woof¬ 
er  output,  which  is  fed  back  and  sub¬ 
tracted  from  the  input  signal  (just  like 
the  negative  feedback  used  in  every 
audio  amplifier).  The  signal  that  drives 
the  speaker  is  thus  "compensated1’ 
for  the  woofer’s  nonlinearities.  Feed¬ 
back  systems  of  this  sort  are  primarily 
useful  for  reducing  distortion  in  a 
speaker's  bass  output.  They  aren't 
generally  used  for  the  higher -frequen¬ 
cy  drivers  for  practical  reasons. 

Subwoofers.  A  relatively  recent 
trend  in  the  design  of  loudspeaker 
systems  involves  the  use  of  large  dy¬ 
namic  drivers  for  reproduction  of  the 
deepest  bass  and  separate  ’satellite  ’ 
speakers  for  the  upper  bass,  mid¬ 
range.  and  treble  frequencies.  Be¬ 
cause  audio  frequencies  below  70  Hz 
or  so  are  nondirectional  to  the  human 
ear  (it  can't  locate  their  source),  a  sys¬ 
tem  can  be  set  up  to  operate  with  a 
single  subwoofer  covering  the  range 
of,  say,  20  through  70  Hz.  and  a  pair 
of  satellite  speakers  for  the  higher  fre¬ 
quencies.  (Alternatively,  a  separate 
woofer  can  be  used  for  each  channel 
and  its  operating  range  increased  ac¬ 
cordingly.)  As  evidence  of  this  trend 
you  need  only  note  the  increasing 
number  of  "mini"  speakers  on  the 
market,  made  by  manufacturers  like 
ADS,  Visonik,  Braun,  etc.  If  the  satel¬ 
lites  are  not  intended  to  reproduce 
any  low  bass  (anything  significantly 
below  100  Hz)  they  can  be  made  very 
small.  The  ADS  Model  200  II,  for  ex¬ 
ample,  measures  only  x  4Vj  x 
4H  inches  (17,1  x  11.7  x  10  8  cm) 
and  has  a  rated  frequency  response 
of  85  to  20,000  Hz  ±3  dB.  (Response 
goes  down  to  55  Hz  ±6  dB.)  The 
advantage  of  using  a  single  subwoof¬ 
er  in  a  low-profile  cabinet  and  two 
small,  lightweight  satellites  is  clear 
from  the  standpoint  of  aesthetics  and 
placement  in  [he  average  room.  If  de¬ 
sired.  the  woofer  can  be  hidden  in  an 
out-of-the-way  place  because  its  out¬ 
put  does  not  affect  stereo  imaging, 
The  compact  satellites  are  easy  to 
find  room  for. 

Acoustique  3 A  International  has 
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taken  the  idea  of  the  hidden  subwoof- 
er  to  its  extreme  with  its  Triphonic  sys- 
tern.  Here  the  woofer  is  a  self-pow¬ 
ered,  motional-feedback  system  con¬ 
cealed  in  a  coffee  table.  The  higher 
frequencies  are  handled  by  two  small 
{17  x  10  x  7  inches)  satellite  speak¬ 
ers.  A  single  stereo  amplifier  is  re- 


Mesa’s  subwoofer  housed  in  an  enclosure  disguised  ns  a  coffee  table 
is  meant  to  be  used  with  a  pair  of  small  satellite  speakers  (left). 


quired  to  drive  the  system  because 
the  woofer  is  self-powered. 

One  disadvantage  of  the  subwoof¬ 
er/satellite  approach  in  terms  of  cost 
is  the  fact  that  these  systems  general¬ 
ly  have  to  be  bi-amplified,  An  electron¬ 
ic  crossover  and  separate  amp  for  the 
woofer  is  needed.  If  the  woofer  is  re¬ 
producing  frequencies  down  to  20  Hz, 
and  is  of  the  acoustic  suspension  type 
(as  is  not  uncommon),  you'll  need 
plenty  of  power  for  it,  tool 

In  Conclusion. 

Although  there  aren't  alf  that  many 
generic  types  of  speakers  and  enclo¬ 
sures,  the  number  of  variations  on  the 
basic  designs  that  have  been  tried  at 
one  time  or  another  is  huge.  Each  de¬ 
sign  attempts  to  solve  the  problem(s) 
its  creator  sees  as  most  pernicious 
(whether  they  are  real  or  imagined). 
However,  one  thing  is  certain — as 
time  has  passed,  the  fundamental  de¬ 
signs  have  been  improved  and  refined 
to  the  point  that  well-executed  exam¬ 
ples  of  each  design  type  will  all  be 
good-sounding  speakers.  O 
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FEW  IF  ANY  difficulties  are  en¬ 
countered  in  testing  electronic  au¬ 
dio  components  such  as  amplifiers 
and  tuners  in  a  hi-fi  system.  The  rea¬ 
son  for  this  is  that  we  are  dealing  with 
generally  well-understood  effects 
(power,  sensitivity,  distortion,  noise, 
etc.),  and  the  measuring  procedure  is 
defined  by  standards  issued  by  the  In¬ 
stitute  of  High  Fidelity  (IHF)  and  other 
organizations.  Hence,  we  can  reason¬ 
ably  well  define  the  performance  of 
such  products  under  test.  Not  so  for 
speaker  systems,  which  have  yet  to 
come  under  a  testing  standard  (al¬ 
though  an  IHF  technical  committee 
has  been  activated  to  generate  such  a 
standard). 

Unlike  electronic  components,  the 
electromechanical  loudspeaker  is  far 
from  a  simple  device  with  a  uniquely 
defined  output  that  can  be  directly  re¬ 
lated  to  an  input  signal.  Until  a  testing 
standard  is  formulated,  those  of  us 
who  test  speaker  systems  must  es¬ 
tablish  our  own  laboratory  procedures 
based  on  what  we  consider  to  be  im¬ 
portant  characteristics.  This  is  the  rub, 
because  as  things  now  stand,  there  is 
no  agreement  as  to  just  which  charac¬ 
teristic  of  a  speaker  system  s  output  is 
related  to  its  sound  and  which,  there¬ 
fore,  should  be  measured. 


The  Problems  Although  the  input 
to  a  speaker  system  is  electrical  and 
can  be  specified  quite  well  (assuming 
one  considers  it  as  a  voltage  only  be¬ 
cause  the  complex  input  makes  it  very 
difficult  to  measure  the  true  input  pow¬ 
er),  its  output  is  acoustic  energy.  This 
energy  is  commonly  expressed  as  a 
sound  pressure  level,  or  SPL,  in  deci¬ 
bels  relative  to  0.0002  dynes/cmT 
The  SPL  measurement  per  se  is  not 


difficult  to  make  with  a  suitable  cali¬ 
brated  microphone.  However,  there 
remains  the  question  of  the  testing  en¬ 
vironment  and  the  physical  relation¬ 
ship  between  the  speaker  system  and 
microphone  during  the  test. 

The  acoustical  SPL  output  of  a 
speaker  system  is  a  function  of  the  di¬ 
rection  and  distance  between  the  mi¬ 
crophone  and  speaker  system  and 
the  driving  frequency.  If  the  frequency 
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response  is  measured  in  an  anechoic 
chamber—the  most  commonly  used 
test  environment,  with  the  microphone 
on  the  central  axis  of  the  system — one 
may  obtain  a  reasonably  "flat”  re¬ 
sponse  curve.  Bear  in  mind,  though, 
that  "flat11  for  a  speaker  system  is  not 
the  same  as  "flat"  when  applied  to  the 
response  of  an  amplifier  or  even  of  a 
phono  cart  ridge.  Every  driver  in  a 
speaker  system  is  subject  to  count¬ 
less  unwanted  response  variations 
from  its  cone  and  voice-coil  suspen¬ 
sions,  the  cone  itself,  the  supporting 
basket,  the  cabinet  edges,  and  many 
other  factors.  As  a  result,  what  is  ob¬ 
tained  in  an  actual  test  is  a  very  rough, 
irregular  response  curve.  This  re¬ 
sponse  curve  is  usually  so  irregular 
that  its  useful  content  is  obscured. 
Hence,  it  is  common  practice  to  use 
filtering  and  pen  damping  in  the 
graphic  level  recorder  to  smooth  out 
the  rough  edges,  so  to  speak,  leaving 
a  more  general— and  often  more  in¬ 
formative— contour  of  the  speaker 
system's  response. 

No  matter  how  the  measurement  is 
made,  we  cannot  avoid  the  fact  that 
the  response  will  be  different  for  every 
different  microphone  position  relative 
to  the  speaker  system.  An  on-axis  re¬ 
sponse  is  essentially  worthless  as  an 
indicator  of  how  the  speaker  system 
will  sound  or  even  of  its  intrinsic  merit. 
If  the  response  is  measured  at  a  num¬ 
ber  of  different  microphone  locations 
while  sampling  the  sound  field  over  a 
wide  angle  in  front  of,  or  even  through 
a  full  sphere  surrounding,  the  speaker 
system,  it  is  possible  to  process  the 
data  with  a  computer  to  obtain  a  plot 
of  the  total  power  response  as  a  func¬ 
tion  of  frequency.  This  is  a  measure¬ 


ment  of  the  total  acoustic  energy  the 
speaker  system  radiates  in  all  direc¬ 
tions,  into  the  hemisphere  or  spherical 
volume  that  loads  the  system. 

There  is  good  reason  to  think  that 
the  power  response  of  a  speaker  sys¬ 
tem  is  more  closely  related  to  the  way 
it  sounds  in  a  real  listening  room  than 
in  any  anechoic  measurement  along  a 
single  axis  or  several  axes.  This  is  not 
to  imply  that  such  a  measurement— 
indeed,  any  possible  measure¬ 
ments — -will  ever  be  able  to  define  or 
describe  the  performance  of  a  speak¬ 
er  system  with  the  accuracy  that  such 
measurements  can  describe  the  na¬ 
ture  of  amplifier  or  tuner  performance. 
There  are  many  orders  of  magnitude 
of  difference  between  the  subtleties 
detectable  by  the  human  ear  and 
processed  by  the  brain  and  anything 
that  can  be  picked  up  by  a  micro¬ 
phone  and  processed  by  a  computer. 
Nevertheless,  in  a  home  environment 
a  speaker  system  does  radiate  sound 
in  all  directions  although  not  neces¬ 
sarily  uniformly.  Most  of  this  output, 
after  reflection  and  some  absorption, 
eventually  reaches  the  listener's  ears. 
For  this  and  other  reasons,  we  have 
long  felt  that  such  a  measurement 
(power  response  rather  than  any  sin¬ 
gle-axis  pressure  response)  is  the 
most  meaningful  way  to  measure  the 
genera!,  octave-by-octave,  frequency 
response  of  a  speaker  system. 

Our  Procedure,  Fortunately,  a 
computer  or  a  large  number  of  micro¬ 
phones  are  not  really  needed  for  a 
power-response  measurement.  An¬ 
other  and  often  simpler  technique  is  to 
use  a  reverberant  chamber  for  a  test 
environment.  This  is  an  odd-shaped 
room  with  no  parallel  surfaces,  its 
walls,  floor,  and  ceiling  made  of  hard, 
nonabsorbing  material.  All  the  sound 
emitted  by  a  speaker  system  in  such  a 
room,  after  many  reflections,  will  pro¬ 
duce  a  uniform,  homogenized  sound 
field  at  any  point  in  the  room.  Like  an 
anechoic  chamber,  a  reverberant 


Fig *  I*  Average  response  curve  is  for  left  aiid  right  speakers 
and  corrected  curve  takes  room  characteristics  into  account 


room  can  be  used  only  for  middle-  and 
high-frequency  measurements.  A  rea¬ 
sonable-sized  anechoic  room  may  be 
useful  only  down  to  1  DO  Hz  or  so,  and 
the  cut-off  for  a  reverberant  room  can 
go  up  to  500  Hz* 

At  Hirsch-Houck  Laboratories,  we 
have  neither  an  anechoic  nor  a  rever¬ 
berant  chamber.  We  have  found  that 
a  normally  furnished  listening  room 
behaves  much  like  a  reverberant 
chamber.  Beyond  a  distance  of  10  ft 
(3  m)  or  so  from  the  speaker  system, 
the  sound  field  is  semi  reverberant 
That  is,  the  measured  SPL  changes 
little  as  the  microphone  is  moved 
about.  The  room's  response  is  not 
"flat"  with  frequency,  of  course,  due  to 
the  normal  absorption  by  the  bound¬ 
ary  surfaces  and  furnishings.  These 
surfaces  cause  the  high-frequency  re¬ 
sponse  to  roll  off  in  any  measurement. 
However,  we  have  been  able  to  com¬ 
pensate  for  this  rolloff  with  gratifying 
success.  To  do  this,  we  measure  the 
response  of  two  calibrated  speaker 
systems  in  a  normal  stereo  listening 
setup  at  the  front  of  the  room,  spaced 
about  10  feet  apart.  We  place  the  mi¬ 
crophone  on- axis  with  and  about  12  ft 
(3.7  m)  from  the  left  speaker  system. 
At  this  point,  the  microphone  is  angled 
about  40°  off-axis  from  the  right 
speaker  system.  Then  we  run  re¬ 
sponse  curves  for  both  speaker  sys¬ 
tems  separately  but  on  the  same  chart 
paper,  using  a  "warble  tone"  swept 
oscillator  and  heavy  pen  damping  in 
the  recorder  to  obtain  the  smoothest 
possible  curve.  The  two  curves,  from 
100  to  20,000  Hz,  usually  have  "rip¬ 
ples51  from  standing  wave  effects  in 
the  room.  We  find,  however,  that 
these  standing  waves  tend  to  cancel 
out  between  the  speaker  systems. 
This  yields  a  relatively  smooth  tine  av¬ 
erage  for  a  reasonable  curve.  (Fig,  1). 

Knowing  the  actual  reverberant- 
room  response  of  our  speaker  sys¬ 
tems  from  data  supplied  by  the  manu¬ 
facturer  and  knowing  that  our  micro¬ 
phone  is  flat  within  ±  ?  dB  up  to 
20,000  Hz,  we  can  draw  a  correction 
curve.  When  this  curve  is  added  to  the 
response  curve  of  any  other  speaker 
system  measured  in  the  same  room, 
we  obtain  a  response  curve  roughly 
equivalent  to  the  speaker  system’s  to¬ 
tal  power  response.  Although  acousti¬ 
cians  will,  probably  flinch  at  the 
approximate  nature  of  this  measure¬ 
ment  and  the  various  assumptions 
that  have  been  made  in  its  perfor¬ 
mance,  we  find  that  we  usually  come 
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within  2  or  3  dB  of  a  true  reverberant 
response  measurement  when  we 
have  access  to  that  data  from  a 
speaker  manufacturer.  This  is  accu¬ 
rate  enough  for  our  purposes. 
Although  the  curve  obtained  ex¬ 
tends  down  to  100  Hz,  it  is  not  valid 
below  about  300  Hz  because  of  the 
unavoidable  resonance  effects  of  our 
room.  At  lower  frequencies,  we  place 
the  microphone  as  close  as  possible 
to  the  woofer's  cone  and  run  a  curve 
from  20  to  1000  Hz  (Fig.  2).  (No  war¬ 
ble  tone  is  needed  since  close-micro¬ 
phone  measurement  is  not  affected 
by  the  room  and  gives  essentially  a 
Irue  anechoic  response.)  This  mea¬ 
surement  is  not  valid  much  above  300 
Hz,  where  the  dimensions  of  the  woof¬ 
er  cone  become  comparable  to  the 
wavelength  of  sound,  but  we  carry  it 
up  to  1000  Hz  for  the  same  reason 
that  our  quasireverberant  measure¬ 
ment  is  carried  down  to  100  Hz, 

Having  obtained  two  sets  of  curves, 
we  splice  them  together  to  form  a  sin¬ 
gle  composite  frequency  response 
(Fig.  3),  By  extending  each  curve 
beyond  its  most  accurate  range,  we 
find  it  easier  to  overlap  them  for  the 
best  splice.  On  occasion,  there  is  little 
overlap  range  and  we  must  make  an 
educated  guess  about  the  splice 
point.  In  many  cases,  the  two  curves 
have  considerable  overlap  and  there 
is  no  doubt  about  the  accuracy  of  the 
composite  frequency-response  curve. 

One  might  fairly  ask  how  we  can 
call  this  composite  curve  a  “frequency 
response"  plot  of  a  speaker  system. 
Our  reasoning  is  that  the  midrange 
and  high-frequency  portion  of  the 
curve  is  a  fair  representation  of  the 
speaker  system’s  total  power  output 
over  that  range  and  consequently 
represents  how  much  energy  it  will  ra¬ 
diate  into  almost  any  room.  Regard¬ 
less  of  the  room's  characteristics,  a 
peak  or  a  drop  in  output  at  the  high 
frequencies  will  almost  always  be 
heard  as  a  brightness  or  dullness  of 
the  sound,  and  irregularities  in  the 
midrange  generally  correlate  with  dif- 
ficulHo-define  colorations  one  often 
hears  from  a  speaker  system  While 
this  portion  of  the  curve  is  fairly  appli- 

1979 


cable  to  any  listening  room,  the  bass 
response  is  drastically  affected  by  the 
room  size  and  placement  of  the 
speaker  systems.  In  most  cases,  it 
would  be  quite  impossible  to  produce 
any  curve  that  really  reflects  how  the 
speaker  system  will  perform  in  any  ar¬ 
bitrary  room. 

Given  the  above,  we  content  our¬ 
selves  with  showing  the  low-frequen¬ 
cy  (anechoic)  response  obtained  with 
close  microphone  spacing.  This  is  a 
“worst-case”  condition;  the  actual 
bass  performance  will  always  be  bet¬ 
ter  in  any  real  room,  where  the  bound¬ 
aries  will  reinforce  the  low-frequency 
output  of  the  system.  The  curve  we 
give  is  useful  for  comparing  speaker 
systems.  The  magnitude  and  width  of 
the  fow-frequency  output  rise  at  reso¬ 
nance  also  give  a  good  indication  of 
the  O  of  the  woofer. 

In  spite  of  its  unorthodox  derivation, 
the  composite  response  curve  relates 
well  to  how  the  speaker  system 
sounds  in  our  test  room  and  how  it  is 
likely  to  sound  in  most  "real”  listening 
rooms.  It  is  worth  noting  that  the  two 
separate  response  curves  at  high  fre¬ 
quencies  reveal  very  dearly  how  good 
the  dispersion  of  a  tweeter  is  in  the 
upper  registers.  An  omnidirectional 
speaker  system,  or  a  system  with  very 


good  dispersion,  will  reveal  little  or  no 
difference  between  the  two  curves, 
one  on-axis  and  the  other  40°  off-axis, 
at  any  frequency,  but  most  speaker 
systems  will  reveal  at  least  several 
decibels  difference  at  frequencies 
beyond  10,000  Hz. 

Other  Tests.  We  also  measure  the 
harmonic  distortion  of  the  woofer  be¬ 
tween  100  Hz  and  its  lower  frequency 
limit  (Fig.  2).  We  use  the  same  close 
microph  one  t  ech  niquehereemp  loyed 
for  the  bass  response  measurement, 
but  the  microphone's  output  goes  to  a 
spectrum  analyzer  instead  of  a  chart 
recorder.  The  output  levels  of  second 
and  third  harmonics  (higher  order 
components  are  almost  never  signifi¬ 
cant)  are  combined  to  obtain  a  THD 
reading  at  each  10-Hz  frequency  in¬ 
crement.  The  woofer  is  driven  with  a 
constant  2,83  volts  and  then  at  a  con¬ 
stant  8.94  volts,  which  correspond  to 
power  levels  of  1  watt  and  10  watts 
into  an  8-ohm  load.  We  do  not  mea¬ 
sure  distortion  at  higher  frequencies 
because  the  irregularity  of  the  sys¬ 
tem's  response  makes  the  test  im¬ 
possibly  complicated  unless  very  spe¬ 
cialized  automatic  plotting  equipment 
is  used, 

A  bass  distortion  measurement  tells 


Fig .  2.  At  left  is  a  typical  baas  response  from  20  to  1000  Hz .  At  right 
are  typical  distortion  curves  freto'W  100  Hz  at  two  power  levels. 


Fig.  3.  A  composite  corrected  frequency  response ,  It  is  formed  by 
splici  ng  the  curves  from  100  to  20 f 000  and  from  20  to  1000  Hz * 
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us  how  low  the  speaker  system  will  go 
before  the  woofer  ceases  to  be  cou¬ 
pled  to  the  air  load  of  the  room.  At  this 
frequency,  distortion  begins  to  rise 
rapidly.  For  a  typical  bookshelf  speak¬ 
er  system,  the  distortion  may  measure 
in  the  vicinity  of  1  percent  or  so  down 
to  about  60  Hz,  rising  somewhat  at  50 
Hz  and  very  abruptly  at  lower  frequen¬ 
cies.  Regardless  of  its  measured  fre¬ 
quency  response  (measured  at  a  low 
drive  level),  such  a  system  will  not 
produce  usable,  undistorted  bass  at 
frequencies  much  below  50  Hz  be¬ 
cause  its  cone  is  no  longer  coupled  to 
the  room,causingexcessivedistortion. 

One  thing  everyone  should  know 
about  his  speaker  system  is  how 
much  drive  is  required  to  produce  a 
given  SPL  output.  (This  is  related  to 
how  much  amplifier  power  capability 
is  needed,)  This  information  is  given 
in  our  sensitivity  measurement,  {This 
is  not  efficiency ,  although  the  two  are 
related,  since  we  do  not  know  how 
much  electrical  power  we  are  actually 
delivering  to  the  speaker  system,  or 
how  much  acoustic  power  it  is  produc¬ 
ing*)  We  drive  the  speaker  system 
with  2.83  volts  of  band-limited  pink 
noise  (an  octave  wide  and  centered  at 
1000  Hz)  and  measure  the  SPL  at  1 
meter  in  front  of  the  grille.  We  prefer 
this  signal  to  full-bandwidth  pink  noise 
because  it  measures  the  sensitivity  in 
the  important  midrange,  where  most 
of  the  subjective  volume  is  produced. 

Impedance  is  measured  by  driving 


the  speaker  system's  voice  coil  direct¬ 
ly  from  the  swept  oscillator  of  our  fre¬ 
quency  response  plotter,  with  the 
graphic  level  recorder  in  parallel  with 
the  output  of  our  oscillator  and  the 
speaker  system.  The  600-ohm  output 
of  the  oscillator  looks  like  a  constant- 
current  source  to  the  speaker  system, 
Hence,  the  voltage  across  the  speak¬ 
er  system  and  recorder  is  directly  pro¬ 
portional  to  the  impedance  as  the  fre¬ 
quency  sweeps  from  20  to  20,000  Hz. 
Since  the  amplitude  scale  of  the  re¬ 
corder  chart  is  logarithmic,  we  cali¬ 
brate  It  before  each  measurement  by 
substituting  a  precision  resistance 
decade  box  for  the  speaker  system 
and  calibrating  over  a  range  of  1  to 
100  ohms  (Fig.  4). 

Although  we  still  examine  the  tone- 
burst  responses  of  a  speaker  system 
as  part  of  our  test  sequence,  these  do 
not  lend  themselves  to  objective  inter¬ 
pretation  unless  the  speaker  system 
is  unusually  good  or  bad.  We  usually 
drive  the  speaker  with  4-cycle  bursts 
while  varying  the  frequency  and  ob¬ 
serving  the  behavior  of  the  acoustic 
output  in  the  operating  range  of  each 
driver.  It  is  generally  necessary  to  lo¬ 
cate  the  microphone  fairly  dose  to  the 
speaker  system  (within  a  foot  or  so) 
and  on  the  axis  of  the  driver  being 
studied  to  avoid  interference  from  the 
other  drivers  and  room  reflections. 
This  ts  one  of  the  tests  that  really 
should  be  made  in  an  anechoic  cham¬ 
ber,  since  it  is  almost  impossible  to 
eliminate  room  effects  from  delayed 
reflections  off  the  waits  unless  the  mi¬ 
crophone  is  so  dose  to  the  speaker 
that  it  may  affect  the  actual  output. 
(One  cannot  assess  total  system  per¬ 
formance  under  this  condition,) 

Interpreting  Results.  From  the 


Fig.  4.  A  typical  impedance  curve  obtained  by  driving  the  speaker  system * 
from  the  swept  oscillator  of  frequency  response  plotter ; 


general  shape  of  the  composite  re¬ 
sponse  curve,  one  can  determine  by 
inference  whether  the  system  will 
sound  bright  or  heavy,  have  midrange 
coloration,  or  perhaps  be  one  of  the 
few  really  smooth  and  uncolored  re¬ 
producers  available.  A  very  flat  curve 
usually  means  that  the  speaker  sys¬ 
tem  is  very  good,  but  moderate  ir¬ 
regularities  do  not  necessarily  mean 
that  the  system  is  a  poor  performer. 
Our  comments  on  the  sound  of  a 
speaker  In  the  “User  Comment"  sec¬ 
tion  of  our  reports  should  help  in  inter¬ 
preting  the  curves. 

Very  low  bass  distortion  usually 
means  that  a  speaker  system  will 
sound  clean  in  the  low  bass  range  and 
that  it  can  probably  be  equalized  for  a 
flatter,  more  extended  bass  output 
with  a  suitable  graphic  equalizer,  with¬ 
out  risking  excessive  distortion  or 
damage.  Higher  bass  distortion,  such 
as  2%  or  3%  in  the  5Q-to-100-Hz 
range  does  not  necessarily  sound  bad 
since  the  ear  is  very  tolerant  of  low- 
order  harmonic  distortion,  especially 
at  low  frequencies.  If  the  speaker  sys¬ 
tem  Is  capable  of  delivering  a  healthy 
output  in  the  low-bass  range,  a  mod¬ 
erate  amount  of  distortion  will  prob¬ 
ably  never  be  noticed. 

The  impedance  curve  is  important 
to  anyone  who  plans  to  parallel  two 
pairs  of  speaker  systems  on  a  single 
amplifier.  We  give  in  our  reports  the 
lowest  impedance  observed. 

The  sensitivity  rating  is  a  rough 
guide  to  how  much  amplifier  power 
will  be  needed  to  drive  the  speaker 
system  to  a  given  SPL.  Most  acoustic- 
suspension  systems  produce  an  85- 
dB  SPL  at  1  meter  for  a  nominal  1- 
watt  input  (the  range  is  typically  82  to 
88  dB).  Ported  or  vented  systems  may 
range  from  88  to  92  dB,  while  a  few 
will  reach  94  or  95  dB.  These  figures 
do  not  tell  how  loud  a  speaker  system 
will  play;  they  tell  you  how  much  pow¬ 
er  is  required  to  play  at  a  given  level. 
Their  usefulness  is  mainly  to  permit 
you  to  compare  competing  systems. 
For  example,  a  speaker  system  rated 
at  92  dB  will  require  only  one-tenth  as 
much  amplifier  power  as  one  with  an 
82-dB  sensitivity  rating,  for  the  same 
listening  level. 

Finally,  we  should  mention  that  our 
test  figures  will  rarely,  if  ever,  agree 
with  any  supplied  by  a  speaker  sys¬ 
tem  manufacturer.  This  is  because  to¬ 
tally  different  test  methods  were  used, 
which  is  not  a  reflection  on  either  the 
manufacturer  or  on  our  test  results.  O 
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THE  AMOUNT  of  power  a  speaker 
can  handle  without  Incurring  dam’ 
age  is  little  understood  by  most  audio 
enthusiasts.  For  example,  why  can  a 
loudspeaker  with  a  high  power  rating 
be  damaged  in  a  particular  situation 
when  one  with  a  lower  rating  is  un¬ 
damaged?  Why  do  some  speaker 
systems  that  are  provided  with  fuses 
still  suffer  overload  damage  without 
the  fuse  being  blown?  To  answer 
these  and  other  questions,  we  must 
first  recognize  the  power  limitations  of 
a  loudspeaker  system  in  two  failure 
areas — thermal  and  mechanical. 

Thermal  Failure,  To  understand 
why  thermal  failure  occurs,  we  first 
determine  what  a  loudspeaker  does 
with  the  input  power  it  receives.  We 
are  familiar  with  audio  amplifiers  that 
deliver  50,  100,  200,  or  even  as  much 
as  700  watts  per  channel.  However, 
few  of  us  know  how  many  watts— that 
is,  actual  acoustic  watts — a  loud¬ 
speaker  delivers.  An  indication  can  be 
obtained,  however,  by  considering  the 
output  of  a  large  pipe  organ.  It  will  typ¬ 
ically  deliver  1 2  to  1 4  acoustic  watts  in 
a  spacious  environment.  A  conven¬ 
tional  saxophone,  on  the  other  hand, 
delivers  about  0,3  watts,  a  piano  0+4 
watts,  a  bass  singer  0.03  watts  and 
speech  at  a  normal  level  about 
0,000024  watts. 

Obviously,  we  are  now  looking  at 
much  smaller  power  levels  than  those 
considered  by  the  average  hi-fi  en¬ 
thusiast  because  he  is  thinking  of 
electrical  input  to  a  speaker,  not  its 
acoustic  output.  The  enormity  of  the 
difference  is  seen  if  we  consider  the 
12  to  14  watts  delivered  by  a  large 


pipe  organ,  tn  the  average  house,  this 
amount  of  acoustic  power  would  liter¬ 
ally  shake  the  house. 

Thus,  we  can  see  that,  for  even  ex¬ 
tremely  loud  listening  levels  in  the 
home,  we  are  only  considering  acous¬ 
tic  power  outputs  of  no  more  than  a 
few  watts.  To  supply  this  power,  how¬ 
ever  it  is  often  necessary  to  have  an 
amplifier  with  a  large  power  output  be¬ 
cause  of  speaker  inefficiences.  This 
brings  up  the  subject  of  just  how  effi¬ 
cient  high- efficiency  speakers  are 
when  compared  to  low*effietency 
units — how  inefficient  even  the  high- 
efficiency  systems  are  t$  not  generally 
appreciated  A  cou  stic-su  s  p  ens  i  on 

speakers  can  have  efficiencies  as  low 
as  0.2%,  ported  systems  about  1% 
and  horns  up  to  approximately  1 5%  to 
20%.  For  most  current  speakers,  for 
every  100  W  of  electrical  power  deliv¬ 


ered  to  a  speaker,  only  about  0.2  to  1 
watt  of  acoustical  power  is  delivered 
as  actual  sound!  The  rest  of  the  power 
(over  99  watts,  in  this  case)  goes  al¬ 
most  entirely  into  heating  the  voice 
coils  on  the  speaker  drive  units,  (A 
very  small  amount  of  power  is  used  to 
overcome  mechanical  resistances  in 
the  drive  units  while  another  small 
amount  heats  the  leads  from  amplifier 
to  speaker). 

Let  us  now  look  at  what  happens 
when  we  apply  this  power  to  a  speak¬ 
er's  input.  Figure  1  shows  typical 
heating  and  cooling  of  a  conventional 
midrange  unit  with  a  V -diameter  voice 
coil  for  a  constant  sine-wave  input.  A 
steady  state  is  rapidly  reached  around 
105°C  (221  ^F)  above  ambient  (about 
20°C  or  6B°F),  Usually,  thermal  break¬ 
down  occurs  when  adhesives  used  in 
the  construction  melt  or  fail.  This  is 
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Fig ,  /,  Heating  rate  of  a  midrange  coil  when 
a  nominal  JO  watts  of  J-kHz  sine  wave  is  applied, 
and  the  cooling  rate  when  the  signal  is  removed. 
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46. . .  a  loudspeaker  cannot  lalwaysl  be  played  as  loud  after 
several  hours  of'  use  as  it  can  when  first  turned  on.^ 


usually  at  temperatures  of  about 
170*0  (33'8°F)  to  1 80°C  (356°F). 
Consequently,  it  would  appear  to  be 
safe  to  use  10  watts  continuously  ap¬ 
plied  to  our  hypothetical  unit.  Unfortu¬ 
nately,  it  is  not! 

To  understand  why,  let’s  first  exam¬ 
ine  what  happens  when  the  tempera¬ 
ture  rise  apparently  levels  out.  At  this 
point,  all  the  power  that’s  producing 
heat  is  not  merely  raising  the  temper¬ 
ature.  It  is  travelling  across  the  air  gap 
in  which  the  coil  sits  to  the  other  metal 
parts  and  J  magnet  {Fig.  2)  causing 
them  to  heat  up.  Since  the  metal  parts 
have  a  larger  mass  than  the  voice  coil, 


however,  the  former  is  slower  in 
reaching  its  maximum  heat  level.  As 
shown  in  Fig.  3.  it  takes  about  two 
hours  for  the  temperature  to  stabilize 
to  a  point  where  all  the  heat  received 
by  the  structure  is,  in  turn,  transmitted 
to  the  air  around  the  unit.  During  this 
time,  the  metal  rises  to  about  6S°C 
(154°F)  above  ambient.  But,  more  sig- 
nificiantly,  the  voice  coil  rises  with  it  to 
about  155°C  (31 1  °F)  above  ambient- 
close  to  the  failure  level  of  adhesives. 

What  does  all  this  mean  to  the  loud¬ 
speaker  user  and  loudspeaker  de¬ 
signer?  We  need  to  look  even  further 
into  the  subject  to  see  how  the  design¬ 
er  can  optimize  the  situation,  but 
we  already  see  one  danger  point  for 
the  user.  A  loudspeaker  voice  coll  will 
rapidly  heat  and  cool  with  variations  in 
level  applied  with  a  typical  music  sig¬ 


nal,  as  indicated  by  Fig.  1.  However, 
this  rapid  variation  in  temperature  will 
have  upper  levels  determined  by  how 
long  the  system  has  been  playing,  as 
seen  in  Fig.  3.  Consequently,  a  loud¬ 
speaker  cannot  be  played  as  loud  af¬ 
ter  several  hours  of  use  as  it  can  when 
first  turned  on.  This  may  explain  why 
simple  fusing  so  often  fails  to  protect  a 
system.  A  low-current  fuse  which 
would  provide  adequate  protection  for 
all  signals  after  any  period  of  playing 
is  simply  not  practical,  as  it  would 
mean  limiting  the  system  to  unrealisti¬ 
cally  low  levels  for  most  normal  listen¬ 
ing  conditions. 

What  can  the  designer  do?  One  ob¬ 
vious  answer  is  to  transfer  more  heat 
away  from  the  unit,  possibly  with  heat- 
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sink  fins  on  the  metalwork.  Unfortu¬ 
nately,  this  will  work  only  if  he  can  effi¬ 
ciently  transfer  the  heat  from  voice 
coil  to  metalwork.  This  is  where  we 
have  the  major  temperature  differen¬ 
tial  in  the  order  of  90°C  (194°F).  If  we 
could  reduce  this  differential  to,  say, 
20°C  (68T),  then  for  the  same  input 
power  of  10  watts,  we  would  only  get 
a  long-term  voice  coil  rise  of  about 
90*C  (194QF)  instead  of  155°C 

(31 1°F).  This  would  occur  because, 
under  steady-state  conditions,  about 
9.9  watts  is  generated  as  heat  in  the 
voice  coil,  crosses  the  air  gap  to  the 
metalwork,  and  is  then  transmitted  by 
the  metalwork  to  the  surrounding  air. 
The  temperature  difference  neces¬ 
sary  between  coil  and  metalwork  for 
this  9.9  watts  is  about  9CTC.  How  can 
it  be  reduced  to,  say,  20*0  (68”F)  and 


still  transfer  the  9.9  watts?  To  answer 
this  takes  a  complex  study  of  heat 
transfer  mechanisms.  The  results  of 
one  such  study  are  described  below. 

In  this  study  it  was  found  that  in  the 
type  of  unit  used  as  an  example, 
about  3%  of  the  heat  was  transferred 
from  the  coil  to  the  metalwork  by  ra¬ 
diation.  none  was  transferred  by  con¬ 
vection,  and  97%  was  conducted 
through  the  air  in  the  gap.  This  ex¬ 
plains  the  high  temperature  differen¬ 
tial  between  coil  and  metalwork,  as  air 
is  a  fairly  poor  conductor  of  heat  (the 
air  in  our  homes  is  heated  by  convec¬ 
tion,  a  mechanism  that  does  not  occur 
in  the  voice  coil  gap).  Attempts  to  im¬ 
prove  radiation  by  having  blackened 
coil  formers  and  blackened  metalwork 
had  little  effect,  giving  an  increase  in 
power  handling  of  only  12%,  To  make 
inroads,  we  need  improvements  of 
several  hundred  percent,  as  each 
doubling  in  power  handling  means 
that  we  can  safely  play  the  system  3 
dB  louder  (12%  is  an  improvement  of 
0.5  dB  in  output). 

The  obvious  answers  to  improve¬ 
ment  in  power  handling  lie  in  two 
areas— increasing  the  maximum  tem¬ 
perature  the  unit  can  withstand  and 
improving  heat  conduction  away  from 
the  voice  coil.  Higher  maximum  tem¬ 
peratures  require  the  use  of  adhe¬ 
sives  that  will  withstand  higher  tem¬ 
peratures  without  softening  or  break¬ 
ing  down.  As  stated  earlier,  these 
adhesives  normally  have  an  upper 
limit  of  about  189°C  Adhesives  that 
can  withstand  higher  temperatures 
are  now  becoming  available  and  are 
being  used  on  a  few  drive  units.  Gen¬ 
erally  speaking  however,  most  voice 
coils  still  have  the  sort  of  temperature 
limit  we  have  been  dealing  with. 

We  are  thus  limited  to  the  upper 
temperature  limit  of  about  1 B0QG 
(356°F).  Is  it  possible  to  handle  more 
power  before  reaching  this  limit?  One 
obvious  way  is  to  increase  the  surface 
area  of  the  voice  coil.  High-power 
speakers  for  electric  guitar  amplifica¬ 
tion,  for  example,  often  achieve  their 
power-handling  ability  by  using  tweet¬ 
ers  with  large  voice  coils — sometimes 
4  or  5  inches  in  diameter*  Unfortu¬ 
nately,  large  voice  coils  cause  two  se- 
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Fig,  2.  Cross  section  of  a  typical  loudspeaker 
drive  unit  with  voice  coil  sitting  in  air  gap. 


nous  degradations  in  tweeter  or  mid¬ 
range  performance-  First ,  for  accu¬ 
rate  reproduction  of  transients  and 
high  frequencies,  a  tweeter  voice  coil 
has  to  be  lightweight,  so  it  can't  be 
very  large.  Secondly,  a  large  voice 
coil  automatically  means  a  large 
acoustic  radiating  surface  which,  in 
turn,  means  a  tweeter  that  will  be¬ 
come  seriously  directional  even  at  rel¬ 
atively  low  frequencies. 

Another  way  to  handle  more  power 
for  a  given  sound  pressure  level  be¬ 
fore  reaching  this  limit  is  to  use  a 
much  more  efficient  tweeter  and  pad  it 
down  in  the  crossover  network  to  the 
level  of  the  rest  of  the  system.  Thus, 
much  less  power  is  applied  to  the 
tweeter  (the  attenuator  network  used 
should,  of  course,  be  able  to  handle 
the  rest  of  the  power).  Such  a  tweeter 
of  midrange  element  would  have  to 
be  horn  loaded  for  sufficient  increase 
in  efficiency.  This  approach  is  quite 
valid,  but  does  produce  systems  with 
treble  directionality  problems  since 
the  radiating  area  of  a  horn  is  that  of 
its  mouth.  This  is  really  only  fully  satis¬ 
factory  when  used  in  systems  specifi¬ 
cally  designed  to  make  use  of  these 
directionality  effects  (a  very  complex 
subject  in  its  own  right).  It  also  ex¬ 
plains  why  power-handling  failures 


are  less  likely  to  occur  in  fully  horn- 
loaded  systems;  they  don't  handle 
more  power,  they  just  play  significant¬ 
ly  louder.  Hence,  the  amplifier  level 
does  not  get  turned  up  as  much  and 
the  loudspeakers  do  not  get  as  much 
power  fed  to  them. 

Magnetic  Fluids.  Recently,  anoth¬ 
er  method  of  improving  the  ability  to 
handle  power  before  failure  tempera¬ 
tures  are  reached  has  become  avail¬ 
able  to  the  loudspeaker  designer.  This 
method  significantly  improves  the 
transfer  of  heat  from  the  voice  coil  and 
across  the  voice  coil  air  gaps  by  re¬ 
placing  the  air  tn  the  gaps  with  a  spe¬ 
cial  oil  that  has  an  excellent  thermal 
conductivity. 

The  oil  is  the  base  of  a  remarkable 
new  material  called  magnetic  fluid,  a 
molecular  suspension  of  ferrite  parti¬ 
cles  in  an  oil  carrier.  This  fluid  is  at¬ 
tracted  by  magnetic  fields  and  thus  ts 
firmly  held  in  the  air  gap  of  a  loud¬ 
speaker,  as  shown  in  Fig.  4.  Now,  for 
the  first  time,  a  new  generation  of 
high-power-handling  tweeters  and  mi¬ 
drange  units  of  the  small  size  neces¬ 
sary  if  a  design  with  good  dispersion 
characteristics  is  desired  can  be  built. 
Such  units  are  now  incorporated  In  an 
increasing  number  of  American  man¬ 
ufacturers’  models  and  will,  it  is  be¬ 
lieved,  soon  be  seen  in  systems  from 
both  Europe  and  the  Far  East. 

Using  a  combination  of  high-tem- 
perature  adhesives  and  magnetic  flu¬ 
id,  loudspeakers  having  much  better 
power  handling  capabilities  than  be¬ 
fore  can  be  designed.  Why,  then,  is  it 


still  possible  to  damage  loudspeakers 
thermally?  This  is  where  we  look  at 
the  last  part  of  the  story,  the  signal  ap¬ 
plied  to  the  speaker. 

Loudspeaker  Signals.  In  most 
systems  the  woofers  are  large  and 
have  large  voice  coils  and  lots  of  met¬ 
alwork;  tweeters  have  small  coils  and 
a  much  smaller  mass  of  metal;  and 
midrange  units  lie  somewhere  in  be¬ 
tween.  Obviously,  a  tweeter  cannot 
handle  power  as  well  as  can  a  woofer. 
It  is  fortunate  for  the  designer,  there¬ 
fore,  that  loudspeakers  are  designed 
to  play  music  and  not  constant-ampli¬ 
tude  sine-wave  signals.  This  means 
that  he  can  take  advantage  of  mu¬ 
sic  spectra,  such  as  those  given  in 
Fig.  5,  in  the  design  of  individual  drive 
units  for  a  system.  It  also  means,  un¬ 
fortunately,  that  it  ts  relatively  easy  to 
misuse  the  system,  often  without  real¬ 
izing  it. 

Misuse  of  a  system,  in  a  thermal 
damage  context,  means  changing  the 
spectrum  of  the  signal  applied  so  that 
too  much  power  is  applied  to  the  most 
vulnerable  units,  the  tweeters.  The 
spectra  shown  in  Fig.  5  are  for  a  varie¬ 
ty  of  rock-music  records,  which  gener¬ 
ally  present  the  worst  thermal  problem 
for  two  reasons.  Firstly,  and  most  ob¬ 
viously,  rock  music  is  simply  played 
louder.  Secondly,  its  spectrum  gener¬ 
ally  puts  more  power  into  the  system 
at  higher  frequencies,  reaching  a 
broad  maximum  around  800  Hz.  In 
contrast,  classical  music  reaches  a 
maximum  power  level  somewhere 
around  500  Hz.  Consequently,  classi- 


Fig.3.  Temperature 
rise  of  the  voice 
coil  and  pole 
piece  of  a 
mid-ra  nge  sp ea ker 
with  a  1-kHz, 
10-watt  (nominal) 
sine-wave 
sfgna/  applied . 
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cal  music  does  not  generally  impose 
such  a  high  power  level  into  the  tweet¬ 
ers  and  midrange  units  of  a  system. 

In  a  typical  piece  of  rock  music  on 
one  system,  it  was  found  that,  when 
35  watts  was  applied  to  the  system 
the  tweeter  received  only  1  watt.  If  we 
assume  that  this  system  was  rated  at 
100  watts  on  a  music  signal,  then  a 
“safe”  test  signal  of  20  watts  could 
easily  destroy  the  tweeter  since  it 
could  handle  only  about  1/35  of  100 
watts.  This  is  the  first  point — Never 
apply  sine-wave  test  signals  of  more 
than  one  or  two  watts  to  a  loudspeak¬ 
er  system,  and  never  maintain  such 
test  signals  on  a  tweeter  for  more  than 
a  few  minutes! 

Another  way  of  changing  the  ener¬ 
gy  content  of  a  music  signal  is  to  drive 
an  amplifier  into  clipping,  which  im¬ 
mediately  produces  a  disproportion¬ 
ately  high  average  power  by  reducing 
the  peak-to-average  ratio.  This  is  why 
it  is  frequently  found  that  loudspeak¬ 
ers  have  been  damaged  by  amplifiers 
that  are  apparently  lower-powered 
than  the  rating  of  the  loudspeaker.  In 
this  context,  if  high  sound  levels  are 
frequently  desired,  and  the  amplifier 
power  rating  is  within  the  limits  of  the 
loudspeakers  being  used,  it  is  a  good 
idea  to  place  a  mark  on  the  volume 
control  to  represent  the  maximum 
“safe"  setting.  This  position  is  easy  to 
find  if  an  oscilloscope  is  available  (or 
can  be  borrowed)  because  it  is  the 
volume  level  just  before  clipping  sets 
in  on  the  loudest  record  in  one's  rec¬ 
ord  or  tape  collection.  If  an  oscillo¬ 
scope  is  not  available,  the  setting  is 
more  uncertain  and  should  thus  be  a 
position  of  the  volume  control  above 
which  distortion  audibly  appears  on 
loud  piano  music. 

Other  areas  of  such  damage  can  be 
an  amplifier's  high-frequency  instabili¬ 
ty  above  the  audio  range;  careless  in¬ 
terconnection  of  components  such  as 
tape-deck  monitor  circuits;  and  fast 
wind  on  certain  tape  recorders  where 
the  tape  is  near  the  playback  head, 
producing  an  unwanted  high-frequen¬ 
cy  signal.  The  latter  problem  is  easily 
prevented  by  a/ways  remembering  to 
turn  the  volume  to  zero  when  fast 


winding.  If  one  wishes  to  listen  while 
in  fast  wind  to  find  some  section  of  the 
tape,  the  treble  control  should  be 
turned  down  to  minimum  and  the  vol¬ 
ume  kept  as  low  as  possible. 

Finally,  one  fast  area  of  thermal 
damage  to  loudspeakers  should  be 
explored:  continuous,  high-level,  dis¬ 
cotheque  music.  This  type  of  music 
should  not  be  played  for  many  con¬ 
tinuous  hours  owing  to  the  severe  re¬ 
duction  in  thermal  overload  capacity  it 
causes.  Only  loudspeakers  specifical¬ 
ly  designed  for  ihis  type  of  application 
are  relatively  safe  to  use  under  these 
trying  circumstances. 

Fusing.  Fusing  is  of  very  limited  val¬ 
ue  in  protecting  systems  against  ther¬ 
mal  overload.  The  best  type  of  fuse  is 
one  having  its  own  thermal  link.  To 
some  extent,  this  allows  for  both  in¬ 
stantaneous  high-current  overload 
and  a  longer-term  lower-level  current 
overload.  One  such  series  of  fuses  is 
the  "Fusetron”  FNM  series,  the  best 
value  of  which  should  be  found  by 
consultation  with  the  loudspeaker 
manufacturer,  if  possible. 

The  problems  with  fusing  a  system 
are  multifold.  The  fuse  cannot  match 
the  long-term  thermal  constants  of  the 
loudspeaker  drive  units  and,  what  is 
more,  it  can  be  chosen  only  for  max¬ 
imum  input  levels.  These  occur  in  the 
lower  midrange  where  loudspeakers 
are  built  to  handle  the  power.  How¬ 
ever,  the  vulnerable  tweeters  remain 
largely  unprotected,  so  all  the  other 
precautions  discussed  still  have  to  be 
observed,  it  Is  possible  to  fuse  the 
tweeter  individually,  of  course,  to  pro¬ 
vide  much  better  protection.  This, 
however,  will  change  the  frequency 
response  of  the  system  somewhat,  as 
will  now  be  shown. 

Let  us  assume  that  a  typical  three- 
way  system  is  rated  as  being  safe  on 
music  program  material  with  amplifi¬ 
ers  rated  at  up  to  100  watts  rms  per 
channel.  This  means  that  the  tweeter 
itself  is  probably  safe  with  about  3  or  4 
watts  rms  applied.  If  the  system  is  rat¬ 
ed  for  8  ohms,  the  tweeter  probably 
falls  to  about  6  ohms;  for  a  maximum 
input  of  4  watts,  this  means  a  max¬ 
imum  safe  current  of  0.8  ampere. 
Such  a  fuse  would  have  a  resistance 


of  about  0.5  ohm,  attenuating  the 
tweeter  by  about  1  dB.  This  attenua¬ 
tion  is  worthwhile  if  useful  fusing  pro¬ 
tection  is  deemed  necessary. 

Finally,  a  word  on  a  somewhat  ex¬ 
pensive  type  of  thermal  protection 
which  could  be  (but  is  not  yet,  to  my 
knowledge)  incorporated  at  the  de¬ 
sign  stage,  especially  in  powered 
loudspeakers.  The  idea  of  any  ther¬ 
mal  protection  is  to  prevent  the  voice- 
coil  from  rising  above  a  certain  tem¬ 
perature  (which  can  be  determined  in 
the  design  stages).  This  is  best 
achieved  by  actually  detecting  that 
temperature  by  continuously  monitor¬ 
ing  the  dc  resistance  of  the  voice  coil, 
since  this  resistance  is  directly  related 
to  temperature.  Several  less  costly 
systems  have  been  suggested  that 
monitor  directly  the  temperature  of  a 
series  resistor.  The  simplest  circuit 
uses  a  thermal  circuit  breaker  bonded 
to  the  resistor.  The  problem  here  is 
that  it  is  impossible  to  match  the  high¬ 
ly  complex  heat-transfer  mechanism 
in  the  loudspeaker  and  thus  impossi¬ 
ble  to  match  the  temperature-rise 
characteristic  of  the  voice  coil. 

Mechanical  Overload,  Generally 
speaking,  mechanical  overload  can 
be  in  one  of  two  forms:  irreversible 
damage  and  cumulative  damage.  The 
second  form  is  in  the  hands  of  the  de¬ 
signer  while  the  first  lies  mainly  in  the 
hands  of  the  user. 

To  elaborate,  irreversible  overload 
damage  can  occur  when  large  over¬ 
load  signals  cause  the  woofer  cone- 
coil  assembly  to  ''bottom'1  and  the  coil 
and/or  cone  to  buckle.  This  can  be 
caused  by  a  drastic  overload  at  low 
frequencies,  such  as  when  an  organ 
record  is  played  at  an  excessively 
high  level.  The  only  real  protection 
against  this  type  of  overload  damage 
is  plain  common  sense.  Don't  attempt 
to  drive  a  given  loudspeaker  beyond 
its  capabilities— a  point  that  is  usually 
easy  to  detect  due  to  the  rapid  onset 
of  a  high  level  of  audible  distortion.  It 
should  not  be  forgotten  here,  too,  that 
the  various  units  in  a  system  can  be 
driven  beyond  their  capabilities  by 
other,  usually  brief,  signals.  For  exam¬ 
ple,  dropping  a  pick-up  arm  onto  a 
record  or  causing  a  stylus  to  jump  by 
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Fig.  5,  One-ihird  octave  analysis  of  six  rock  recordings 
based  on  rms  levels  held  for  at  least  five  seconds , 


jolting  the  turntable  can  cause  ex¬ 
treme  movements  in  bass  units  and 
damage  to  the  voice-coil,  especially 
with  very  high-powered  amplifiers.  For 
similar  reasons,  if  large  switching 
transients  occur  when  controls  are 
changed,  care  should  be  taken  to  turn 
down  the  volume  before  these  con¬ 
trols  are  operated. 

The  other  type  of  mechanical  over¬ 
load  damage  is  cumulative.  It  can  be 
produced  by  work- hardening  and 
eventual  fracture  of  the  wires  going 
from  the  terminal  strip  to  the  voice  coil 
on  a  loudspeaker  drive  unit.  The  only 
answer  here  lies  in  the  design  of  the 
drive  unit  so  that  the  wires  used  in  this 
application  can  withstand  continuous 
flexure.  One  such  type  of  wire  is 
called  tinsel,  ltps  made  in  multi-strand¬ 
ed  form,  with  the  tension  being  taken 
by  a  number  of  cotton  or  nylon  cores. 
The  only  instance  in  which  such  pre¬ 
cautions  do  not  really  apply  is  in  the 
case  of  tweeters  which  operate  above 
about  5000  Hz.  Movements  here  are 
so  small  that  such  work- hardening 
does  not  generally  occur. 

We  have  covered  various  areas  in 
which  overload  can  occur  and  have 
implied  that  no  single  comprehensive 
protection  method  exists  apart  from 
common-sense  precautions.  To  apply 
this  common  sense,  however,  we 
need  to  know  what  power  our  loud¬ 
speakers  can  actually  handle. 

Unfortunately,  the  foregoing  is  not 
simple.  Examining  loudspeaker  speci¬ 
fications  will  show  such  power  han¬ 
dling  terms  as:  (1)  100  watts  rms,  (2) 
100  watts  program  material.  (3)  100 


watts,  (4)  100  watts  continuous  pow¬ 
er.  and  (5)  may  be  safely  used  with 
amplifier  rated  at  up  to  100  watts  rms 
on  normal  speech  and  music  program 
material, 

Many  other  terms  may  also  be 
found,  but  only  number  (5)  above  or 
some  similar  phrasing  is  of  any  real 
value  to  the  consumer.  Number  (1) 
may  be  true  at  some  frequencies  but, 
apart  from  some  specialized  speak¬ 
ers,  would  result  in  frying  the  tweeter. 
Number  (2)  is  not  valid  either,  unless 
more  information  is  given.  For  exam¬ 
ple,  does  it  mean  program  material 
not  clipping  on  an  amplifier  of  100 
watts  or  does  it  mean  an  average  pro¬ 
gram  material  level  of  100  watts?  The 
latter  would  allow  full  use  of  an  am¬ 
plifier  of  about  1000  watts  since  a  typi¬ 
cal  modern  recording  has  an  average- 
to-maximum  power  ratio  of  about 
10:1.  Number  (3)  obviously  requires 
more  information,  and  (4)  has  the 
same  shortcomings  as  number  (1), 

The  only  way  out  of  all  this  confu¬ 
sion  in  specifications  (if  the  system  is 
going  to  be  played  at  high  levels)  is  to 
get  some  definitive  statement  about 


the  maximum  safe  amplifier  power  for 
a  loudspeaker  system  before  pur¬ 
chase.  Finally,  if  high  sound-pressure 
levels  are  required,  don’t  forget  that  a 
high-powered  speaker  does  not  nec¬ 
essarily  play  louder  than  a  lower-pow¬ 
ered  system.  Loudness  is  determined 
not  only  by  how  much  power  can  be 
put  into  a  speaker  before  damage  en¬ 
sues,  but  also  by  how  efficient  that 
speaker  system  is.  For  this  reason  it  t$ 
possible  to  double  power-handling  ca¬ 
pability  by  using  two  loudspeaker  sys¬ 
tems  per  channel.  However,  twice  the 
power  handling  means  only  a  3-dB  in¬ 
crease  in  sound  level  at  maximum 
safe  power,  a  very  expensive  way  to 
achieve  this  3  dB.  Moreover,  it  should 
not  be  forgotten  that  two  loudspeak¬ 
ers  in  parallel  (especially  if  those  sys¬ 
tems  have  impedances  of  4  ohms) 
may  provide  a  dangerously  low  equiv¬ 
alent  impedance  for  the  amplifier  be¬ 
ing  used,  whereas  putting  those  same 
speakers  in  series  may  adversely 
affect  woofer  damping  and  produce 
“boomy"  bass.  These  problems  are 
compounded  by  much  more  complex 
ones  of  placement,  interference  pat¬ 
terns,  and  so  on,  and  become  worse  if 
different  speakers  are  paired  up  to  im¬ 
prove  power  handling.  The  obvious 
answer  is  to  buy  the  correct  system 
for  the  purpose  in  the  first  place. 

Conclusion.  If  high  sound  pressure 
levels  are  desired  from  a  home  hi-fi 
system,  one  should  adhere  to  precau¬ 
tions  outlined  in  this  article.  In  general 
terms,  the  average  user  of  high-qual¬ 
ity  speaker  systems  will  never  experi¬ 
ence  overload  damage  unless  some 
other  part  of  his  system  fails  and 
“takes  the  loudspeaker  with  it.”  O 


Fig.  4 .  Cross  section  of  a  loudspeaker  drive  with  magnetic 
fluid  to  conduct  heat  across  the  voice-coil  air  gap. 


flexible.  sbFtROuwD 


MAGNETIC  FLWI& 


65 


POPULAR  ELECTRONICS 


Build  a 
Low-Cost 
Transistor  Tester 


BY  CYRIL  C.  MILLER 

Tests  smaihsignaS,  high-power,  or  phototransistors , 
SCR’s,  FET's  and  conventional  diodes. 


THE  SIMPLE,  tow-cost  transistor 
tester  described  here  can  check 
smalt-  and  large-signal  as  well  as  medi- 
um-  and  high-power  npn  and  pnp  tran¬ 
sistors.  n-channeJ  FET's,  conventional 
and  light-activated  SCR's,  phototransis¬ 
tors,  and  diodes.  The  tester  is  easy  to 
build  and  use. 

In  operation,  all  you  do  is  insert  the 
device  to  be  tested  into  a  socket,  press  a 
test  button,  and  observe  a  meter.  A 
three-conductor  cable  is  used  fortesting 
devices  that  are  too  large  for  the  tester's 
sockets.  There  is  no  power  switch  be¬ 
cause  the  circuit  consumes  very  little 
power,  which  also  means  that  a  device 
under  test  cannot  be  damaged  by  test 
conditions. 

The  circuit  for  the  transistor  tester  is 
shown  in  the  schematic  diagram. 

Construction.  The  tester  can  be  as¬ 
sembled  in  a  5"  x  2.5"  x  1.5"  (12,7  x 
6,4  x  3.8  cm)  plastic  case  with  an  alumi¬ 
num  cover.  Neither  parts  location  nor 
wiring  is  critical. 

The  meter  movement,  four  sockets, 
and  three  switches  can  be  mounted  on 
the  cover.  Wire  sockets  SOI  and  SQ2  to 
accommodate  the  two  different  basings 
commonly  used  for  small  transistors  and 
wire  S03  to  accommodate  a  three-con¬ 
ductor  cab/e  to  test  devices  that  do  not 
fit  the  sockets.  Socket  S04  is  used  for 
high-power  transistors.  Point-to-point 
wiring,  using  terminal  strips,  can  be 
used  to  assemble  the  project. 

A  satisfactory  substitute  for  the  meter 
movement  specified  in  the  Parts  List  is 
Radio  Shacks  No.  22-051,  a  50-p,A 
movement  with  the  same  characteris¬ 


tics.  However,  this  meter  is  slightly  larg¬ 
er  and  may  require  a  larger  case  for  the 
project.  A  100-^.A  meter  movement  can 
be  used  if  the  value  of  R3  is  changed  to 
10,000  ohms.  Alternatively f  a  1-mA 
movement  can  be  used  if  the  value  of 
R3  is  changed  to  1000  ohms  and  the 
value  of  R5  is  changed  to  220  ohms, 
(Bear  in  mind  that  some  loss  in  sensitiv¬ 
ity  may  occur  with  these  changes.) 

Use  insulated  material  between  304 
and  the  metal  cover  of  the  case.  (The 
metal  cases  of  power  transistors  are  the 
collector  terminals.)  Also,  use  low-profile 
fillister-head  screws  for  mounting  the 
socket  so  that,  when  a  power  transistor 
is  plugged  into  SG4,  its  base  and  emitter 
pins  will  fit  the  socket  and  its  case  will 
make  the  collector's  electrical  connec¬ 
tion  Before  mounting  S04.  be  sure  the 
base  and  emitter  pin  openings  in  the 
cover  plate  are  large  enough  to  prevent 
the  transistor's  pins  from  shorting  to  the 
metal  plate 

Any  type  of  lettering  can  be  used  to  la¬ 
bel  the  switches  and  sockets.  The  single 
AA  cell  that  supplies  power  for  the  circuit 
should  be  mounted  in  a  battery  holder 
affixed  to  the  bottom  of  the  plastic  case. 

External  test  leads  can  be  fabricated 
from  lengths  (about  7" \  of  color-coded 
stranded  hookup  wire.  Solder  a  minia¬ 
ture  insulated  alligator  clip  to  one  end  of 
each  wire  and  a  plug  that  mates  with 
S03  to  the  other  ends  of  the  wires.  (In 
the  prototype,  a  conventional  transistor 
socket  was  used  for  the  plug.  The  sock¬ 
et  pins  were  removed  and  the  ends  of 
the  three  test  leads  were  tinned  with  sol¬ 
der  to  serve  as  pins.  The  stiff  wires  were 
inserted  into  the  socket  from  the  top  until 


they  protruded  to  conventional  transistor 
pin  length,  A  short  length  of  heat-shrink- 
able  tubing  was  then  used  to  secure  the 
three  leads  to  the  socket.) 

Calibration.  Install  the  AA  cell,  but  do 
not  secure  the  cover  to  the  case  until  R4 
has  been  adjusted.  Insert  the  test  cable 
into  S03  and  connect  a  1000-ohm  resis¬ 
tor  between  the  collector  and  emitter 
clips  of  the  test  cable.  With  SI  set  to 
low  ( S2  can  be  in  either  position),  the 
meter's  pointer  should  swing  to  approxi¬ 
mately  half-scale.  With  SI  in  the  hi  posi¬ 
tion,  very  little  deflection  should  occur. 
Return  SI  to  its  low  position  and  re¬ 
move  the  resistor. 

Short  together  the  emitter  and  collec¬ 
tor  alligator  clips  while  adjusting  potenti¬ 
ometer  R4  until  the  meter's  pointer 
swings  to  full  scale.  Setting  SI  to  hi 
should  keep  the  pointer  at  full  scale. 

Switch  S2  can  be  checked  for  proper 
operation  by  inserting  an  npn  or  pnp 
transistor  known  to  be  good  into  fhe 
proper  socket,  noting  which  leads  are  for 
the  base,  collector,  and  emitter.  With  S2 
set  to  the  appropriate  position,  press  S3 
(test);  you  should  observe  a  significant 
increase  in  meter  pointer  deflection.  If 
the  pointer  does  not  swing  up-scale,  S2 
is  probably  reversed;  in  which  case, 
either  relabel  the  switch  or  rotate  the 
switch  by  1 80  \ 

This  completes  calibration.  Fasten  the 
cover  in  place. 

Operation.  Semiconductors  can  be 
checked  as  detailed  in  the  Table,  If  you 
are  uncertain  whether  a  transistor  under 
test  is  npn  or  pnp,  set  S2to  its  alternate 
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TESTING  PROCEDURES 


Device  to 
be  tested 

Socket 

SI 

$2 

initial  meter 

indication 

Test 

indication 

Remarks 

Small-signal  pnp 

t 

LOW 

PNP 

Low 

Increase 

Socket  1  for  EBC,  2  for  BCE 

transistor 

SmaN'Srgnal  npn 

1 

LOW 

NPN 

Low 

Increase 

Socket  f  for  EBC,  2  for  BCE 

transistor 

Medium-power 

1 

LOW 

As  required 

Low 

Increase 

transistor 

High-power 

4 

HI 

As  required 

Low 

Increase 

transistor 

N-channel  FET 

1 

LOW 

PNP 

Low 

Increase 

SCR 

1 

LOW 

As  required 

Low 

High 

SCR  will  lock  on  St  or  S2  to 
opposite  position  to  unlock. 

Light-activated  SCR 

2 

LOW 

As  required 

Low 

Nol  required 

Expose  to  strong  light  to  test. 

Photo  transistor 
Diodes* 

1 

Test  leads 

LOW 

LOW 

As  required 

Low 

Not  required 

Expose  to  moderate  light  to  test. 

'Use  external  test  cables  Observe  meter  indication  Flip  S2  to  opposite  side 
Note  second  meter  indication.  One  indication  should  be  high,  the  other  low. 


positions  and  press  test  in  both  cases. 
The  position  of  S2  in  which  an  up-scale 
meter  pointer  deflection  is  obtained 
identifies  the  transistor  type. 

Note  that  the  initial  meter  indication  in 
the  Table  is  always  low.  If  it  is  high,  set 
S2  to  its  alternate  position.  If  a  high  indi¬ 
cation  persists,  the  device  under  test  is 
defective  If  a  low  indication  is  obtained, 
press  test  and  note  the  up-scale  deflec¬ 
tion  of  the  meter's  pointer.  Since  the  me¬ 


ter  is  not  calibrated  in  absolute  values,  it 
wilt  be  necessary  to  test  several  devices 
of  known  characteristics  to  gain  familiar¬ 
ity  with  meter  indications. 

In  addition  to  checking  semiconduc¬ 
tors,  the  tester  can  be  used  to  determine 
the  condition  of  electrolytic  capacitors 
ranging  in  value  from  several  mi¬ 
crofarads  to  several  thousands  of  mi¬ 
crofarads.  To  do  this,  connect  the  capa¬ 
citor  to  the  collector  and  emitter  alligator 


PARTS  LIST 


HI  — 1.5-noll  AAcell 

M  I  —  50- p. A  meter  movement  ( set  lex II 

Rl  —  lO-Ethm.  Vi-wait  resistor 

R2.  Rft — !  000-ohm.  14- wait  resistor 

R  ^  —  20,< HK1 -ohm.  14- wart 

R4 —  1 1 UH  Mi-ohm  linear-taper  potent ioroeier 

R5 — IfJO-ohm,  ]4- wmi  resistor 


S  \ — Spdt  switch 
.S2 — Dpdt  switch 


S  >  Miniature  normally  open  pushbutton 
switch 

SOI.  S02.  S03  +  S04 — Transistor  socket 
text) 

Mi  sc. — -Plastic  case  with  aluminum  cover  {see 
tost):  pen  light -cel  I  holder:  power 'transistor 
mounting  kit;  insulated  miniature  alligator 
clips  Oi:  terminal  strips:  1 000 -ohm  resistor 
(for  calibration),  machine  hardware:  color- 
coded  stranded  hookup  wire:  solder:  etc. 
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clips  of  the  test  cable  and  observe  the 
meter.  If  the  capacitor  is  shorted,  the 
meter  s  pointer  wilt  swing  fully  up-scale 
and  remain  there.  With  a  good  capaci¬ 
tor,  the  pointer  will  initially  swing  far  up¬ 
scale  and  then  slowly  return  to  a  low  val¬ 
ue  at  a  rate  proportional  to  the  capaci¬ 
tor's  value. 

To  test  SCR's.  connect  them  to  the 
correct  socket  or  test  leads  and  note  the 
meter's  indication.  When  the  test 
switch  is  pressed,  the  meter's  pointer 
should  swing  to  full-scale.  This  high  indi¬ 
cation  should  remain  until  either  Si  or 
S2  is  switched  to  its  alternate  position. 
When  testing  a  light- activated  SCR.  a 
low  indication  should  be  obtained  when 
the  SCR  is  in  the  dark,  and  a  full-scale 
indication  should  be  obtained  when  the 
LASCR  is  exposed  to  bright  light.  The 
test  switch  is  not  required  here.  The 
same  approach  is  used  for  testing  pho¬ 
totransistors.  (The  tester  can  also  be 
used  as  a  crude  lightmeter  when  testing 
phototransistors,) 

To  test  a  diode,  connect  it  between 
the  collector  and  emitter  alligator  clips 
on  the  test  cable.  There  is  no  need  to 
observe  polarity.  Note  the  meter  indica¬ 
tion;  the  pointer  will  swing  up-scale 
when  the  diode  is  forward  biased  and 
down- sc  ale  when  ft  is  reverse  biased. 
Set  S2  to  the  alternate  positron;  the  me¬ 
ter's  pointer  should  swing  in  the  oppo¬ 
site  direction.  The  ratio  between  the  two 
indications  is  determined  by  the  diode's 
resistance  ratio. 

In  Conclusion,  The  simple  transistor 
tester  described  here  can  help  you  to 
quickly  test  bipolar  transistors  and  sepa¬ 
rate  them  according  to  type.  As  a  bonus, 
you  can  test  n-channel  FETs,  SCR's,  di¬ 
odes.  and  even  the  condition  of  elec¬ 
tro  I  yt  ic  cap acito r s  c an  b e  ch ecked .  O 
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an  automatic 

GARAGE-DOOR 

CLOSER 


excessive  input  levels.  The  outputs  of 
the  twelfth,  thirteenth  and  fourteenth 
counter  stages  are  available  at  pins  1,2, 
and  3,  respectively.  When  the  counter  is 
clocked  by  a  60* Hz  signal,  the  periods  of 
the  square  waves  at  these  three  outputs 
are  68  seconds  (pin  1),  136  seconds 
(pin  2)  and  272  seconds  (pin  3).  Each 
output  is  high  for  one-half  of  its  square- 
wave  period. 

The  time  interval  that  the  Auto  Closer 
will  hold  the  door  open  before  automata 
eafly  closing  it  is  selected  by  connecting 
R4  to  one  of  the  output  pins  of  ICt  If.  for 
example,  R4  is  connected  to  pin  1,  no 
base  current  will  flow  into  Q1  for  34  sec¬ 
onds  and  the  garage  door  will  remain 
open.  At  the  end  of  that  time,  pin  1  will 
go  high  and  source  base  current  for  Of 
through  R4.  When  Q1  begins  to  con¬ 
duct,  the  coil  of  reed  relay  K1  becomes 
energized. 

This  causes  the  contacts  of  K1  to 
place  diode  04  across  the  24-volt  ae 
tine.  The  negative  half-cycle  of  the  ac 
control  input  is  shorted  out  by  the  diode 
This  not  only  triggers  the  control  circuit 
to  dose  the  door,  but  also  allows  the 
Auto  Closer  circuit  to  remain  active  until 
the  door  doses  far  enough  to  reopen 
sense  switch  SI,  Capacitor  C3  is  con¬ 
nected  across  the  coil  of  Kf  to  keep  the 
relay  from  chattering  and  to  protect  Of 
from  inductive  transients.  When  S  f  re¬ 
opens,  R5  discharges  the  Auto  Closer 
capacitors  and  effectively  resets  the  cir¬ 
cuit  after  a  few  seconds  to  ready  it  for 
another  cycle.  Cutout  switch  S 2  allows 
you  to  keep  the  garage  door  open  for  ex¬ 
tended  periods  of  time  by  effectively 
deactivating  the  Auto  Closer 

Two  other  time  periods  are  available. 
If  R4  is  connected  to  pin  2.  the  garage 
door  will  be  closed  after  68  seconds 


j  i  ** 

/*  * 
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Simple  circuit  triggers 
electronic  system  to 
close  garage  door  after 
selected  time  period. 


THE  STANDARD  electrically  pow¬ 
ered  radio-controlled  garage-door 
opener  has  a  drawback.  It  can  be  falsely 
triggered  by  a  CB  or  amateur  radio 
transmitter  or  other  actuating  signal,  or 
the  user  can  forget  to  send  a  signal  com¬ 
mand  to  close  the  door.  In  either  case, 
an  open  garage  door  could  invite  thieves 
to  remove  valuable  equipment— bicy¬ 
cles,  lawn  mowers,  etc.  The  '‘Auto  Clos¬ 
er"  described  here  overcomes  this  prob¬ 
lem.  It  automatically  commands  the  sys¬ 
tem  to  dose  the  door  after  a  preselected 
time  interval,  providing  improved  securi¬ 
ty  and  convenience.  The  automatic 
function  can  be  disabled  by  the  user, 
too,  in  the  event  that  it  is  desirable  to 
keep  the  garage  door  open. 


About  the  Circuit*  The  Auto  Closer 
Is  shown  schematically  in  Fig.  1,  Switch 
SI  is  the  door-position  sense  switch;  it 
remains  open  as  long  as  the  garage 
door  is  closed.  The  open  switch  pre¬ 
vents  the  Auto  Closer  circuit  from  draw¬ 
ing  current  from  the  power  supply  and 
keeps  it  isolated  from  the  rest  of  the  door 
opener  circuit.  When  the  sense  switch 
doses  as  the  door  opens,  24  volts  ac 
from  the  main  opener  power  supply  is 
applied  to  the  Auto  Closer,  Diode  05 
rectifies  the  ac  into  pulsating  do  which  is 
filtered  by  Cl  and  R3.  Zener  diode  01 
provides  +  15  volts  regulated  for  td,  a 
CMOS  4020  14-stage  binary  counter. 

When  power  is  first  applied  to  the 
Auto  Closer,  R1  and  C2  momentarily 
keep  pin  11  of  IC1  high,  ensuring  that 
the  counter  is  reset  as  the  timing  cycle 
begins.  A  60Hz  signal  from  the  opener 
power  supply  is  coupled  by  R2  to  the 
counters  clock  input.  This  docking  sig¬ 
nal  Is  peak  limited  by  diodes  D2  and  D3T 
thereby  protecting  the  counter  1C  from 
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the  delay  interval  from  the  60-Hz  line  frequency. 


PARTS  LIST 


Cl — 10-m.F,  25-volt  electrolytic 
C2 — 1-ja.F,  25-volt  electrolytic 
C3 — 15-piF,  25-volt  electrolytic 
D1 — 15-volt,  400-mW  zener  diode 
D2.  D3 — 1N9 14  switching  diode 
D4,  D5 — 1N4001  rectifier 
IC1 — CD4020  or  MCI 4020  14-stage  CMOS 
ripple  counter 

K1 — 12- volt  reed  relay  (Arrow-M  DA- 1 A  or 
equivalent) 

Ql — 2N2222  npn  silicon  switching  transistor 
The  following  are  14-watt,  10%  tolerance  car¬ 
bon-composition  fixed  resistors: 

R1 — 3.9  megohms 
R2 — 47 ,000  ohms 
R3.R4- 10,000  ohms 


R5_l  00,000  ohms 

51 —  SPST  spring-loaded,  normally  open  lever 
switch  or  other  suitable  door  sense  switch 
(see  text) 

52 —  SPST  toggle  switch 

Misc. — Printed  circuit  or  perforated  board,  IC 
socket  or  Molex  Soldercons,  suitable  enclo¬ 
sure,  hookup  wire,  solder,  machine  hard¬ 
ware,  etc. 

Note — The  following  are  available  from  Wil¬ 
liam  Vancura,  41 15  35th  Avenue,  Moline, 
Illinois  61265:  kit  of  parts,  less  enclosure 
and  switches  $15  plus  $1  postage  and  han¬ 
dling;  12-V  reed  relay,  $5  plus  $1  P&H; 
etched  and  drilled  pc  board,  $4  with  SASE. 
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have  elapsed.  Connecting  the  resistor  to 
pin  3  results  in  a  136-second  delay.  The 
latter  interval  is  enough  time  for  one  per¬ 
son  to  move  two  cars  out  of  the  garage 
and  into  the  driveway.  A  delay  of  68  sec¬ 
onds  is  enough  time  to  open  the  trunk, 
place  a  package  in  it,  close  the  trunk, 
enter  the  car,  buckle  up,  start  the  car 
once  or  twice  and  coax  the  car  into  the 
driveway.  A  34-second  delay  is  ideal  for 
an  efficient  individual  who  moves  quickly 
but  is  a  cautious  driver.  Any  time  delay 
less  than  34  seconds  increases  the  pos¬ 
sibility  of  hitting  the  door. 


The  Door  Opener.  A  typical  garage 
door  opener  employs  a  “Class  2”  wiring 
system.  Basically,  this  means  that  the 
control  system  comprises  a  low-voltage 
supply  (usually  24  volts  ac  derived  from 
a  step-down  transformer),  a  control  re¬ 
lay  which  applies  power  to  the  motor, 
and  one  or  more  activating  switches. 
The  low-voltage  power  supply  cannot 
cause  any  serious  accidental  shocks 
and  permits  the  use  of  relatively  inex¬ 
pensive  bell  wire  in  connections  to  the 
activating  switches  and  relay.  A  typical 
system  schematic  is  shown  in  Fig.  2. 


DOOR  OPENER/CLOSER 


Fig.  2.  Class  2 
wiring  of  a 
typical  garage 
door  opener. 
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Several  activating  switches  can  be  and 
usually  are  wired  in  parallel  across  the 
opener’s  control  input  terminals.  The 
system  schematic  shows  a  manual 
pushbutton  switch,  a  radio-controlled 
switch,  and  the  Auto  Closer  so  connect¬ 
ed.  Normally,  the  control  circuit  is  de¬ 
signed  to  be  able  to  supply  power  to 
several  low-power  switching  devices  via 
the  Class  2  control  wiring  itself.  This  is 
how  both  the  Auto  Closer  and  radio-con¬ 
trolled  switch’s  receiver  are  powered. 

Construction.  Wire-Wrap,  point-to- 
point  or  printed-circuit  techniques  can 
be  employed  in  the  construction  of  the 
Auto  Closer.  Parts  placement  and  lead 
dress  are  not  critical.  Although  the  print¬ 
ed  circuit  board  (see  Fig.  3)  has  been 
designed  to  accommodate  a  reed  relay, 
a  perf-board  version  of  the  project  could 
use  a  standard  low-power  relay  such  as 
the  Radio  Shack  No.  275-003. 

In  any  event,  use  an  IC  socket  or  Mo¬ 
lex  Soldercons  with  the  CMOS  counter. 
Do  not  insert  the  IC  into  its  socket  at  this 
time.  Select  the  delay  period  suitable  for 
your  application  and  connect  the  lead  of 
R4  to  the  corresponding  pin  of  the  IC 
socket.  Be  sure  to  observe  polarities 
and  pin  basing  of  semiconductors  and 
electrolytic  capacitors. 

The  Auto  Closer  should  be  housed  in 
a  metallic  or  plastic  enclosure  approxi¬ 
mately  4"  x  214"  x  2'A”  (10.2  x  5.7  x  5.7 
cm).  An  on/off  switch  (S2)  should  be 
mounted  on  the  enclosure  if  a  remote 
power  switch  is  not  used.  The  mounting 
of  the  sense  switch  depends  on  how  the 
door-open  condition  is  to  be  sensed. 
One  possibility  is  to  install  the  switch  in 
the  Auto  Closer  enclosure  and  attach  a 
lever  arm  to  it.  The  arm  can  be  extended 
to  the  door  to  sense  the  door-up  posi¬ 
tion.  Alternatively,  you  can  replace  the 
travel-limit  switch  of  the  motor  control 
circuit  with  one  that  has  an  extra  set  of 
contacts.  The  normally  open  contacts 
can  be  used  as  sense  switch  SI. 

If  your  garage  door  opener  applies 
low  voltage  dc  across  the  control  lines 
instead  of  24  volts  ac,  the  Auto  Closer 
circuit  should  be  modified  as  follows. 
Replace  Ql,  C3,  D4  and  K1  with  a  1- 
ampere  SCR.  The  anode  of  the  SCR 
should  be  connected  to  the  anode  of  D5 
and  the  pole  of  S2.  The  cathode  should 
be  connected  to  pin  8  of  /Cl,  the  bottom 
leg  of  R5 ,  etc.  The  gate  should  be  con¬ 
nected  to  R4,  whose  value  and  that  of 
R3  should  be  changed  to  1000  ohms.  In¬ 
stead  of  connecting  one  end  of  R2  to  the 
D5S2  node,  apply  60-Hz  CMOS-com¬ 
patible  square  waves  between  it  and  pin 
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Fif;.  3.  Etch  ing  and  drilling  and  partis  placement  gulden  for  a  sui table  pc  hoard. 


8  of  tCI ,  Zener  diode  D1  can  be  elimi¬ 
nated  if  the  dc  control  voltage  is  greater 
than  (or  equal  to)  12  volts  and  less  than 
15  volts 

Checkout  After  the  Auto  Closer  has 
been  assembled,  but  before  the  CMOS 
counter  has  been  installed  in  its  socket, 
temporarily  connect  one  end  of  a  con¬ 
venient  length  (about  4  to  6  feet  or  1 .2  to 
1,8  m)  of  hookup  wire  to  pin  8  of  the  1C 
socket.  Connect  one  end  of  a  similar 
length  of  hookup  wire  to  the  anode  of 
05  Next,  attach  the  two  free  ends  to  the 
Class  2  control  wiring  of  the  garage  door 
opener  and  measure  the  ac  voltage  be¬ 
tween  the  anode  of  D5  and  pin  0  of  the 
1C  socket.  You  should  obtain  a  reading 
of  about  24  volts.  Measure  the  dc  volt¬ 
age  between  pins  16  and  8  of  the  1C 
socket.  It  should  be  about  +- 1 5  volts.  Fi¬ 
nally,  measure  Ihe  voltage  between  pins 
10  and  8  The  meter  should  read  about 
+  15  volts  in  the  dc  mode  and  slightly 
more  in  the  ac  mode  If  you  have  an  os¬ 
cilloscope,  look  at  the  signal  waveform. 
You  should  see  a  sine  wave  clipped  at  0 
and  15  volts 

Momentarily  clip  a  jumper  between 


pins  16  of  the  1C  Socket  and  that  to 
which  R4  is  connected  The  relay  coil 
should  become  energized  and  the  door 
opener  activated  Removing  and  replac¬ 
ing  the  jumper  should  cause  the  door 
opener  mechanism  to  reverse  its  direc¬ 
tion.  If  the  relay  chatters  while  the  jump¬ 
er  is  connected,  the  door  will  jerk  back 
and  forth  and  the  Auto  Closer  will  not 
reliably  close  the  door.  This  problem  can 
be  caused  by  a  defective  C3  or  one  with 
insufficient  capacitance 
When  the  Auto  Closer  ts  working  reli¬ 
ably,  it  is  time  to  install  IC1  in  its  socket. 
The  normal  precautions  should  be  taken 
when  handling  this  CMOS  device.  Dis¬ 
connect  the  Auto  Closer  trom  the  Class 
2  wiring  and  place  the  circuit  board  on  a 
10"  x  10"  (25.4  x  25,4  cm)  sheet  of  alu¬ 
minum  foil.  Also,  place  the  1C  (still  in  Its 
protective  foam  carrier)  and  both  hands 
on  the  foil,  which  should  be  grounded 
Keeping  the  heels  of  both  hands  on  the 
foil,  remove  the  1C  from  its  protective 
carrier  and  insert  it  into  the  socket,  pay¬ 
ing  close  attenlion  to  pin  locations.  Then 
permanently  install  the  circuit  board  in 
the  project  enclosure.  Reconnect  the 
Auto  Closer  to  the  Class  2  control  wiring. 
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door  Fig.  4.  Two  to  attach 

A^to  Closer:  (A)  ceiling  mount 
irorkk  with  i .rack Less  or  tracked 
lino r:  < B )  do o r-t ra ck  mo u n  t  i  n g. 
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If  all  is  well,  the  door  (after  having 
been  opened)  will  begin  to  close  only  af¬ 
ter  the  selected  delay  has  elapsed 
When  the  door  begins  to  close,  momen¬ 
tarily  disconnect  the  Class  2  control 
wires  from  the  Auto  Closer  so  that  the 
relay  drops  out.  Each  time  the  Auto 
Closer  is  disconnected,  the  counter  will 
reset  itself  Complete  the  wiring  of  the 
sense  and  power  switches  and  verify  the 
operation  of  both. 

Installation.  The  Auto  Closer  is  now 
ready  for  permanent  installation.  If  a  re¬ 
mote  sense  switch  Is  used,  the  Auto 
Closer  can  be  mounted  in  any  conven¬ 
ient  location.  Just  be  sure  that  the  con¬ 
trol  and  sense  switch  wires  are  posi¬ 
tioned  so  that  they  do  not  interfere  with 
the  proper  operation  of  the  door  opener 
mechanism 

Two  methods  of  mounting  an  Auto 
Closer  equipped  with  a  built-in  lever 
sense  switch  are  shown  in  Figs.  4A  and 
4B.  The  latter  installation  is  less  sensf- 
tive  to  minor  variations  in  the  stopping 
position  of  a  door  riding  on  tracks  beside 
the  sense  switch  lever.  A  slight  bend  at 
the  tip  of  the  lever  arm  prevents  the  door 
from  snagging  and  damaging  itself.  The 
mounting  method  shown  in  Fig.  4B  al¬ 
lows  the  project  enclosure  to  be  mount¬ 
ed  easily  on  the  door  track  using  a  4JJ 
(10,2-cm)  hose  clamp.  The  ceiling 
mount  (Fig.  4 A)  will  work  equally  well 
with  either  a  single-piece  trackless  door 
or  a  multi-section  tracked  door. 

In  Conclusion  You  will  surely  find  the 
Auto  Closer  to  be  a  great  convenience 
and  an  effective  security  device  Keep  in 
mind,  however,  that  you  can  very  easily 
lock  yourself  out  of  the  house  should 
you  forget  your  keys,  the  opener's  pock¬ 
et  transmitter,  or  to  disable  the  Auto 
Closer!  O 
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A  stimulating 

educational 

quiz  on  the 

voltage 

regulating 

characteristics 

of  common 

electronic 

components. 


AS  NEARLY  every  electronics  hob¬ 
byist  knows,  the  zener  diode  is  an 
extremely  useful  component.  Nearly  all 
regulated  power  supplies,  including 
those  using  1C  voltage  regulators,  are 
built  around  one  or  more  zener  diodes 
(Most  1C  regulators  have  interna!  zener 
diodes.)  The  voltage-versus-current 
curve  for  an  idea!  6,7-volt  zener  diode  is 
shown  in  Fig.  1  r  The  rather  unusual  ap¬ 
pearance  of  this  graph  is  due  to  the  fact 
that  a  zener  diode  is  usually  reverse 
biased.  By  convention,  both  the  voltage 
across  and  the  current  through  the  diode 
are  negative. 

This  graph  tells  us  that  the  ideal  zener 
acts  like  a  voltage  source  with  zero 
ohms  of  internal  impedance  whenever 
the  voltage  applied  across  It  equals  or 
exceeds  its  zener  voltage,  which  for  this 
diode  is  6.7  volts.  The  diode  does  not 
allow  the  voltage  applied  across  It  by  an 
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externa!  source  to  exceed  its  zener  volt¬ 
age.  Real-life  zeners  do  exhibit  a  very 
slight  increase  in  voltage  as  more  cur¬ 
rent  flows  through  them  This  is  the  re¬ 
sult  of  a  small  amount  of  internal  "bulk’1 
resistance. 

Although  zener  diodes  are  probably 
the  best  known  components  endowed 
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ponents.  A  few  rare  species  have  been 
thrown  in  to  make  the  quiz  a  bit  more 
stimulating.  The  basic  test  circuit  is 
shown  in  Fig.  2. 

To  simplify  matters,  several  assump¬ 
tions  will  be  made 

*  The  battery  symbolizes  a  100-volt 
regulated  power  supply. 

*  The  resistance  of  power  resistor  R 
varies  from  one  circuit  to  the  next  so  that 
the  magnitude  of  the  current  flowing 
through  a  component  is  "typical1'  for  the 
particular  device.  Also,  the  resistance  of 
R  is  great  enough  so  that  the  maximum 
ratings  of  the  component  are  not  ex¬ 
ceeded. 

*  The  voltmeter  has  an  input  imped¬ 
ance  of  1000  megohms  and  can  be  ne¬ 
glected  in  most  cases. 

*  Unless  otherwise  noted,  all  compo 
ne nls  are  at  room  temperature  (68-77 

F,  20-25  C), 


with  this  voltage  regulating  ability,  many 
others  exhibit  this  same  characteristic 
Most  other  components,  however,  are 
only  fair-to-poor  voltage  regulators  and 
are  infrequently  used  in  this  application. 
For  physical  reasons,  diodes  cannot  be 
manufactured  with  zener  voltages  less 
than  two  volts  Accordingly,  to  obtain  low 
regulated  voltages,  other  components 
must  be  used  even  though  they  are  far 
from  ideal  regulators. 

The  following  quiz  tests  your  knowl¬ 
edge  of  the  voltage  regulating  character¬ 
istics  of  some  common  electronic  com- 


_<OOV  COMPONENT 


VOLTMETER 


© 


X 


Fuj.  2 *  Buxic  (j u i c  cirriuf. 
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ANSWERS  TO 
ZENER  VOLTAGE  QUIZ 

A  20— nuncio 
A  O' t— 01  ll  WMQ 
A  2— SUinojiQ 
Afrl.— minajjd 
AOS— OM'nsJIO 
A  SCO— 6  iinojiQ 

AS9Z6— 8HnoJ!0 

A  V  l— l  IinojiQ 
A0'£— 91!fi0J!0 
A  SL'O — S  linoJtQ 
A  09— Mino-HQ 
AZ'O— 0  Ijnojjo 
AO— SlinoJiO 


•  All  diodes  are  conducting  relatively 
low  forward  currents  (approximately  1 
mA)  unless  specified  otherwise.  The 
LED  in  Circuit  12  is  operated  at  "normal” 
current  levels  to  achieve  'normal” 
brightness. 

•  The  specific  voltages  listed  in  the  Ta¬ 
ble  are  approximate. 

To  take  the  quiz,  examine  each  of  the 
14  circuits  and  estimate  the  voltage  in¬ 
dicated  by  the  voltmeter.  Next,  refer  to 
the  17  voltages  listed  in  the  Table  and 
select  the  value  closest  to  the  voltage 
you  think  the  voltmeter  will  indicate.  Fi¬ 
nally,  write  this  voltage  on  the  line  next 
to  the  voltmeter.  As  an  extra  challenge 
three  of  the  voltages  in  the  Table  will  not 
correspond  to  any  of  the  circuits. 

Example :  Refer  to  Circuit  1.  Assuming 
that  the  resistance  of  R  is  chosen  so  that 
approximately  one-half  of  the  maximum 
recommended  current  flows  through  the 
zener  diode,  it  is  obvious  that  the  volt¬ 
meter  will  read  6.7  volts  (the  diode's 
zener  voltage).  Remember-^the  max¬ 
imum  current  rating  of  the  device  ahd 
the  exact  resistance  of  R  is  not  impor¬ 
tant;  that  the  value  of  R  is  chosen  so  that 
the  device  exhibits  its  typical  operating 
characteristics  is  important.  The  voltage 
in  the  table  that  is  closest  to  6.7  volts  is 
6.7  volts.  Thus,  we  have  written  6.7  volts 
on  the  line  next  to  the  meter  What  the 
author  has  chosen  as  the  best  answers 
are  given  after  the  circuits 
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BUILD 

THE 

“SUPER  MARKER” 

Inexpensive  marker  generator  with  selectable  700,  50-,  20-,  or  10-kHz 
output  allows  precise  tuning  of  shortwave  receivers. 


A  STABLE  source  of  marker  fre¬ 
quencies  is  one  accessory  that 
belongs  in  every  shortwave  listener’s 
shack.  Many  receivers  contain  built-in 
1 00-kHz  calibrators,  but  for  exact  tuning, 
smaller  marker  increments  are  required. 
The  Shortwave  Super  Marker  described 
in  this  article  is  an  inexpensive,  easily 
built  frequency  standard  that  will  provide 
precise  markers  at  selectable  incre¬ 
ments  of  100,  50,  20,  or  10  kHz.  Built 
around  a  quartz  crystal,  two  npn  transis¬ 
tors,  and  a  CMOS  divider  1C,  the  project 
can  be  assembled  in  two  hours  or  less. 
Total  parts  cost  is  about  $15. 

About  the  Circuit.  Transistor  Of,  the 
quartz  XTAL  and  their  associated  com¬ 
ponents  comprise  a  stable  1 00-kHz  os¬ 
cillator.  Trimmer  capacitor  Cl  allows  the 


user  to  zero-beat  the  oscillator  against  a 
frequency  source  of  known  accuracy 
such  as  radio  station  WWV  or  WWVH. 
The  100-kHz  output  of  the  oscillator  is 
applied  to  pin  14  of  /Cf,  the  clock  input 
of  a  CD4017  CMOS  decade  counter/ 
divider  with  ten  decimal  outputs. 

Depending  on  the  position  of  SI,  the 
reset  terminal  of  IC1  is  either  grounded 
or  connected  to  one  of  three  decoded 
decimal  outputs.  When  the  reset  termi¬ 
nal  (pin  15)  is  grounded,  IC1  functions 
as  a  -=-10  counter  and  a  10-kHz  pulse 
train  appears  at  pin  2.  If  pin  15  is  con¬ 
nected  to  pin  1 ,  the  counter  resets  itself 
every  5  clock  pulses  and  a  20-khz  pulse 
train  is  developed.  Connecting  pin  15  to 
pin  4  causes  the  counter  to  reset  after 
every  second  clock  pulse.  The  counter 
than  acts  as  a  2  stage  and  produces  a 


50-kHz  output.  When  pin  1 5  is  connect¬ 
ed  to  pin  2,  the  counter  resets  itself  on 
the  negative  edge  of  each  clock  pulse, 
acting  like  a  -M  stage  and  producing  a 
1 00-kHz  pulse  train  at  pin  2. 

Transistor  Q2  and  its  associated  com¬ 
ponents  comprise  an  amplifier  which  is 
driven  by  the  programmable  counter's 
output  pulses.  This  stage  amplifies  the 
harmonics  of  the  fundamental  pulse 
train  frequency  so  that  they  are  of  us¬ 
able  strength  up  to  30  MHz.  Accordingly, 
if  Si  is  placed  in  the  100-kHz  position, 
the  user  will  hear  marker  signals  every 
100  kHz  as  he  tunes  across  the  dial  of 
his  genera  I -cove  rage  receiver.  Succes¬ 
sively  higher-order  harmonics  will  be  in* 
ereasingly  weaker,  but  usable  markers 
will  be  found  to  at  least  30  MHz,  the  up¬ 
per  limit  of  most  receivers. 


programmed  by  SI  to  pro  vide  ma  rker 
frequencies  at  selected  intervals . 


13 1 — 9-voil  transistor  battery 
Cl  —  7-lo-45-pF  trimmer 
C2,C3 — 0,001-|jlF  disc  ceramic 
C4 — 50-pF  disc  ceramic 
JC1 — CD401 7AE  CMOS  decade  counter/ 
divider  with  decoded  decimal  outputs 
Q1  ,Q2 — 2N2222  npn  silicon  transistor 


PARTS  LIST 

The  following  are  l^-walt,  \Q%  tolerance  fixed 
carbon-composition  resistors: 

R  1  —  150,000  ohms 
R  2  ,R3 — 8 200  ohms 
R4 — 5600  ohms 

Si  — I -pole,  4-position  nonshorting  rotary 
switch 


S2- — Spst  toggle  switch 
XTAL —  100-kHz  quartz  crystal 
Misc. — MoJex  Soldercons  or  IC  socket  T  print¬ 
ed  circuit  or  perforated  board,  suitable  en¬ 
closure,  battery  holder  and  clip*  hookup 
wire,  machine  hardware,  circuit  board 
siandoffsT  solder,  etc. 
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Construction.  Parts  placement  is  not 
critical,  so  printed  circuit  or  point-to-point 
perforated  board  techniques  can  be  em¬ 
ployed.  The  use  of  an  1C  socket  or  Mo- 
lex  Soldercons  is  recommended  for 
mounting  the  CMOS  device.  Carefully 
observe  the  standard  precautions  when 
handling  the  CMOS  device  and  pay  at¬ 
tention  to  the  pin  basing  of  both  the  1C 
and  transistors.  Any  four-position  rotary 
switch  can  be  used  for  SI .  If  you  already 
have  a  switch  with  more  than  four  posi¬ 
tions,  you  can  use  it  in  the  circuit  if  the 
extra  positions  are  grounded. 

The  output  antenna  shown  in  the 
schematic  is  simply  a  length  of  hookup 
wire  that  can  either  be  wrapped  around 
the  antenna  lead-in  (if  a  single  wire  feed 
is  used)  or  physically  placed  close  to  the 
r-f  input  stage.  No  direct  connection  be¬ 
tween  the  Super  Marker  and  receiver  is 
required.  The  project  can  be  housed  in 
any  small  enclosure  or  even  mounted  in¬ 
side  the  receiver  if  space  is  available. 
For  simplicity,  a  9-vo!t  battery  is  used  as 
the  power  source.  However,  a  small 
well-filtered,  line-operated  supply  can  be 
used  instead.  A  third  alternative  is  to  tap 
the  receiver’s  dc  supply  or,  if  the  project 
is  to  be  used  with  an  older  tube-type  re¬ 
ceiver,  the  ac  filament  voltage  can  be 
rectified,  filtered  and  zener  regulated. 

Calibration.  Tune  your  receiver  to 
WWV  or  WWVH  at  2.5,  5,  1 0  or  1 5  MHz. 
With  the  Super  Marker’s  antenna  cou¬ 
pled  to  the  input  of  the  receiver  and 
switch  SI  in  the  100-kHz  position,  close 
power  switch  S2.  You  should  hear  both 
the  NBS  transmission  and  an  audio  tone 
whose  pitch  will  vary  as  trimmer  capaci¬ 
tor  Cl  is  adjusted.  If  you  don’t  hear  the 
audio  tone,  increase  the  coupling  be¬ 
tween  the  Super  Marker’s  antenna  and 
the  receiver  input. 

Carefully  adjust  Cl  so  that  the  audio 
tone  decreases  in  pitch  and  becomes  a 
"flutter”  on  the  NBS  transmission.  Ideal¬ 
ly,  Cl  should  be  set  for  a  zero  beat.  That 
is,  the  marker  and  r-f  carrier  are  at  ex¬ 
actly  the  same  frequency  and  no  beat 
note  is  created.  Adjust  the  trimmer  capa¬ 
citor  during  the  portions  of  the  WWV  or 
WWVH  transmission  when  only  second 
ticks  and  no  continuous  audio  tone  su¬ 
perimposed  on  the  ticks  are  heard.  Oth¬ 
erwise,  you  may  zero  beat  the  marker  to 
the  modulating  tone  instead  of  the  r-f 
carrier. 

A  nonmetallic  screwdriver,  alignment, 
or  neutralization  tool  should  be  used 
when  making  these  adjustments.  Even 
so,  you  might  find  that  the  presence  of 
the  tool  and/or  your  hand  will  affect  the 
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oscillator’s  frequency.  Withdraw  the  tool 
and  your  hand  between  adjustments  to 
ensure  that  a  true  zero  beat  has  been 
obtained. 

It’s  a  good  idea  to  drill  a  hole  in  the 
project  enclosure  so  that  Cl  can  be  ad¬ 
justed  after  the  enclosure  has  been 
“buttoned  up.”  This  will  minimize  the  de¬ 
tuning  effects  of  hand,  tool  and  even  en¬ 
closure  capacitance.  Also,  this  hole  will 
enable  you  to  periodically  touch  up  the 
adjustment  of  Cl  without  having  to  re¬ 
move  the  top  of  the  enclosure. 

Use.  Turn  on  the  receiver’s  bfo  and 
tune  up  the  band  until  another  marker  is 
encountered.  (Don’t  confuse  a  broad¬ 
caster’s  carrier  with  a  marker.  Open  and 
close  power  switch  S2.  The  marker  tone 
should  appear  and  disappear  as  power 
is  applied  to  and  removed  from  the  cir¬ 
cuit.)  Note  the  frequency  indicated  on 
the  dial  and  tune  back  to  WWV  or 
WWVH.  Next,  place  SI  in  the  50-kHz 
position  and  tune  up  the  band  until  you 
encounter  a  marker.  The  dial  frequency 
should  be  midway  between  that  of  WWV 
or  WWVH  and  the  previously  noted 
marker  frequency.  With  St  in  the  20-kHz 
position,  you  should  detect  five  mark¬ 
ers — one  at  the  NBS  station’s  frequen¬ 
cy,  one  at  the  previously  noted  marker 
frequency,  and  three  spaced  evenly  be¬ 
tween  the  two.  In  the  10-kHz  mode,  the 
Super  Marker  should  generate  ten  even¬ 
ly  spaced  markers  across  this  1 00-kHz 
band  segment. 

The  Super  Marker  will  allow  you  to 
tune  your  receiver  very  precisely  even  if 
its  tuning  mechanism  and  dial  are  less 
than  optimum.  Let’s  assume  that  a  weak 
DX  station  you’ve  been  chasing  is  listed 
as  transmitting  on  15.370  MHz.  Tune 
your  receiver  to  WWV  or  WWVH  and 
turn  on  the  Super  Marker.  Place  SI  in 
the  100-kHz  position,  turn  on  the  receiv¬ 
er’s  bfo  and  tune  up  three  markers  to 
1 5.300  MHz.  Place  SI  in  the  50-kHz  po¬ 
sition  and  tune  up  one  marker  to  15.350 
MHz.  Next,  place  SI  in  the  10-kHz  posi¬ 
tion  and  tune  up  two  markers  and  open 
S2.  Your  receiver  is  now  tuned  to  exact¬ 
ly  15.370  MHz.  If  propagation  conditions 
are  favorable,  you’ll  hear  the  station  with 
no  need  for  further  tuning. 

If  the  desired  station  is  transmitting  at, 
say,  15.380  MHz,  the  procedure  is  less 
complicated.  After  tuning  to  15.300 
MHz,  place  SI  in  the  20-kHz  position 
and  tune  up  four  markers  to  exactly 
15.380  MHz.  You  can  develop  your  own 
tuning  procedures  after  you  have  logged 
some  time  practicing  with  the  Super 
Marker.  O 
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Single-board  unit  has  4K  of  RAM, 
and  on-board  BASIC  in  ROM 


BACK  IN  1975.  we  built  our  first  mi* 
crocompuler  and  had  to  pay  almost 
$350  for  the  microprocessor  chip  alone. 
Adding  4K  of  memory,  an  I/O  port,  and 
some  means  of  entering  the  BASIC 
brought  the  price  up  to  almost  $1000. 
Things  have  changed  a  lot  in  (our  years. 
Microprocessor  chips  are  selling  for  a  fif¬ 
teenth  of  the  price  (often  even  less)  than 
they  did  at  the  outset.  Just  about  every¬ 
thing  else  having  to  do  with  personal 
computers  has  also  dropped  considera¬ 
bly  in  price.  Still,  one  usually  expects  to 
pay  more  than  $500  for  a  minimum  'ap¬ 
pliance"  personal  computer.  It  comes  as 
a  pleasant  surprise,  then,  that  Ohio 
Scientific's  (1333  Chillicothe  Rd..  Auro¬ 
ra,  OH  44202;  Tel:  216-562-3101)  Su¬ 
perboard  II  is  priced  at  a  very  modest 
figure  of  $279. 

The  Superboard  It  is  a  single-board 
wired  and  tested  computer  that  comes 
with  4K  of  RAM  (expandable  on-board 
to  8K)r  a  53-key  upper-  and  lower-case 
keyboard,  a  Kansas  City  tape  interface, 
a  machine- language  monitor  in  ROM, 
and  8K  Microsoft  BASIC  in  ROM, 

The  Superboard  II  is  a  "basic”  com¬ 
puter.  It  comes  without  case  and  power 
supply,  A  complete  version  is  the  Chal¬ 


lenger  IP,  which  comes  wired  £nd  tested 
with  a  power  supply  and  case  for  $349. 

General  Description.  Built  around  a 
6502  microprocessor  chip,  the  Super- 
board  II  also  contains  IK  of  dedicated 
memory  for  video  besides  having  4K  of 
user  memory.  In  addition  to  its  upper- 
and  lower-case  alphanumeric  charac- 
ters,  it  can  produce  user-defined  sym¬ 
bols  as  well  as  a  set  of  gaming  symbols 
to  produce  a  screen  of  up  to  256  x  256 
points.  The  alphanumeric  display  is  25 
characters  per  line  and  25  lines  (con¬ 
vertible  to  30  x  30)  on  an  overscanned 
TV  receiver  or  video  monitor.  All  you 
need  to  gel  the  system  up  and  running 
are  a  5-volt  power  supply  capable  of  de¬ 
livering  3  amperes  of  current,  a  video 
monitor  (or  TV  receiver  plus  r-f  modula¬ 
tor),  and  a  cassette  player. 

The  single  large  printed-circuit  board 
on  which  the  computer  is  assembled  is 
clean  and  uncluttered.  The  dock  oscilla¬ 
tor  is  cry  st  a  I -controlled,  and  all  ICs  are  In 
sockets.  There  are  also  on  board  three 
16-pin  1C  sockets  for  future  hardware 
experiments  and  a  40-pin  1C  socket  that 
serves  as  a  bus  expander. 

The  alphanumeric  keyboard  occupies 
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the  forward  section  of  the  computer  board.  Autorepeat  is  fea¬ 
tured  in  all  character  keys,  including  the  space  bar.  One  touch 
of  a  key  puts  the  selected  character  on  the  screen  of  the  moni¬ 
tor.  Holding  the  key  down  puts  a  string  of  the  same  character 
on  screen  for  as  long  as  the  key  is  held  down.  (There  is  a 
slight  pause  between  the  first  and  all  subsequent  characters.) 

Available  hardware  options  include  an  expander  board  that 
can  support  24K  of  RAM,  a  dual  mini-floppy  interface,  a  port 
adapter  for  a  printer  or  modem,  and  a  48-line  expansion  inter¬ 
face.  In  the  software  area,  an  assembler/editor,  an  extended 
machine-language  monitor,  and  a  complete  software  library 
are  planned. 

When  the  system  is  first  turned  on,  it  comes  up  in  the  moni¬ 
tor  mode.  If  you  ask  for  BASIC,  the  system  responds  instantly 
with  the  BASIC  resident  in  ROM.  The  BASIC  itself  is  from  Mi¬ 
crosoft  and  is  a  conventional  8K  type.  It  has  the  usual  comple¬ 
ment  of  commands,  statements,  expressions,  functions, 
string-handling  capabilities,  and  includes  tape  SAVE  and 
LOAD  commands.  The  monitor  has  the  usual  basic  com¬ 
mands  and  includes  tape-cassette  commands. 

User  Report.  The  video  display  in  our  test  Superboard  II 
was  set  for  25  characters  on  25  lines.  The  spacing  between 
the  lines  was  minimal  but  readable. 

We  cranked  in  several  BASIC  programs  that  we  have  used 
with  our  8080  microprocessor  based  computer.  With  slight 
changes  in  some  BASIC  commands  (we  used  a  different  BA¬ 
SIC  from  that  provided),  the  programs  ran  properly. 

In  graphics  applications,  a  particular  symbol  is  “called”  to 
the  screen  by  POKEing  the  character’s  code  to  the  address  of 
the  video  location  where  it  is  to  be  displayed.  There  are  extra 
character  codes  to  accommodate  the  additional  nonstandard 
graphic  symbols. 

The  Superboard  II  uses  a  IK  single  format  graphics  system 
and  plots  can  be  made  at  almost  any  angle.  Access  to  the 
graphics  can  be  made  through  either  BASIC  or  machine-lan¬ 
guage  routines.  A  complete  manual  that  accompanies  the 
computer  details  operation,  BASIC,  and  graphics. 

We  used  the  Superboard  II  for  several  weeks  and  quickly 
became  accustomed  to  its  operation.  Although  we’re  used  to 
having  64  to  80  characters  per  line,  we  became  reasonably 
comfortable  with  the  25-character/line  format  of  this  comput¬ 
er.  (Evidently,  Ohio  Scientific  designed  the  Superboard  II  with 
the  idea  that  it  would  be  used  primarily  with  a  home  TV  receiv¬ 
er.  Since  32  characters/line  would  be  the  practical  limit  in 
such  a  setup,  a  25-character  by  25-line  or  30-character  by  30- 
line  format  is  not  unreasonable.)  Another  minor  objection  we 
have  is  that  the  system  is  not  readily  expandable. 

Lest  we  color  this  report  with  our  own  exclusive  opinions  of 
this  computer,  we  decided  to  take  it  and  its  accessories  to  a 
computer  club  meeting  and  see  what  other  computer  en¬ 
thusiasts  thought  of  it.  Almost  without  exception,  the  Super¬ 
board  II  met  with  approval,  considering  its  attributes,  its  low 
price,  and  inclusion  of  video  output,  tape  interface,  keyboard, 
and  BASIC  in  ROM. 

We  can  heartily  recommend  the  Superboard  II  computer 
system  for  the  beginner  who  wants  to  get  into  microcomputers 
with  a  minimum  of  cost.  Moreover,  this  is  a  “real”  computer 
with  full  expandability.  And  it  is  a  ready-to-go  system  for  al¬ 
most  the  same  price  one  would  have  to  pay  for  a  stripped- 
down  single-board  system  to  which  one  must  add  a  keyboard, 
video  output,  BASIC,  and  cassette-tape  interface.  Also,  the 
Microsoft  BASIC  is  a  real  plus.  O 
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WHITE  NOISE  FILTER 

O-  My  wide-band  power  amplifier  re¬ 
cently  blew  almost  every  solid-state 
device  in  it  For  no  apparent  reason ,  it 
simply  self-destructed l  The  manufac¬ 
turer  says  that  the  interstation  hiss 
from  an  FM  tuner  is  realty  bad  for  this 
amp.  Can  you  furnish  a  circuit  that 
wilt  fitter  it  out?  My  tuner  is  0  high- 
quality  tube  type.  — Martin  d-  Ander¬ 
son ,  Mushegon T  ML 

A.  The  circuit  shown  in  Figure  A 
(choose  resistance  values  to  match  the 
output  impedance  of  your  tuner  and  in¬ 
put  impedance  of  your  amplifier)  is  an 
effective  filter  tor  interstation  hiss,  which 
is  an  approximation  of  white  noise.  This 
type  of  noise  is  a  complex  waveform 
with  a  Gaussian  amplitude  characteris¬ 
tic,  It  is  formed  by  contributions  from  al! 


By  John  McVeigh*  Technical  Editor 

frequencies  over  a  broad  but  specified 
bandwidth  and  has  a  flat  spectral  power 
density.  Thus,  it  contains  equal  energy 
per  unit  of  frequency  (Hertz), 

White  noise  Is  analogous  to  white  light 
in  that  it  contains  all  sounds  perceptible 
to  the  human  ear.  White  light  includes  all 
wavelengths  of  visible  light  (colors)  per¬ 
ceptible  to  the  human  eye.  White  noise 
is  a  useful  diagnostic  signal  when  ana¬ 
lyzing  the  frequency  response  of  audio 
components  and  transducers. 

Another  signal  related  to  white  noise 
is  pink  noise  This  signal  contains  equal 
energy  per  octave.  Because  there  are 
more  octaves  in  the  bass  region  than  in 
the  treble,  pink  noise  has  more  low-fre¬ 
quency  content  than  white  noise  and 
sounds  'warmer.11  Plots  of  amplitude 
versus  frequency  for  white  (dashed  line) 
and  pink  noise  (solid  line)  are  shown  in 


Fig.  B.  Note  that  pink  noise  displays  a 
-3-dB/octave  characteristic. 

Many  spectrum  analyzers  designed 
for  audio  applications  (such  as  the  Real 
Time  Analyzer  project  in  Popular 
Electronics  for  September  and  Octo¬ 
ber  1977)  are  "constant  percentage 
bandwidth1'  types.  That  is,  the  band¬ 
width  of  each  bandpass  filter  in  this  type 
of  analyzer  is  an  unchanging  percent¬ 
age  of  its  center  frequency,  If  white 
noise  is  applied  to  the  analyzer,  a  rising 
3-dB/octave  characteristic  will  be  dis¬ 
played,  If  a  pink  noise  filter  with  a  -  3- 
dB/octave  response  is  inserted  between 
the  noise  source  and  analyzer,  a  flat  re¬ 
sponse  will  be  seen.  (Refer  to  '  Build  a 
Pink  Noise  Generator  for  Audio  Testing" 
in  Popular  Electronics  duty  1977.) 

Now  that  wehve  discussed  the  nature 
of  white  noise,  it  should  be  apparent  that 
the  filter  1  have  facetiously  included  as 
Fig.  A  is  simply  an  open  circuit  between 
input  and  output  that  will  prevent  the 
passage  of  any  audio-frequency  signal. 
There  is  nothing  sinister  about  white 
noise.  It  is  simply  a  wideband  audio  sig¬ 
nal  and  i  am  puzzled  that  the  manufac¬ 
turer  of  your  amplifier  made  the  state¬ 
ment  that  he  did.  White  noise  is  no  more 
harmful  to  audio  electronics  than,  say.  a 
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FROM  /-nTO 

TUNERf0  |  i^—#)  AMPLIFIER 

OUTPUT |  INPUT 


Fig.  A.  Circuit  for  filter. 


musical  passage  that  contains  evenly 
balanced  bass,  midrange  and  treble 
content.  If  you  crank  the  system  gain  up, 
the  average  power  output  and  dissipa¬ 
tion  of  the  amplifier  might  be  higher  than 
that  normally  encountered  during  musi¬ 
cal  listening  sessions. 

What  happened  to  your  amplifier — the 


destruction  of  almost  every  semiconduc¬ 
tor  in  it— suggests  an  apocalyptic  event. 
A  mammoth  transient  on  the  power  line 
is  one  possibility.  A  varistor  transient 
suppressor  such  as  one  of  General 


Electric’s  MOV  devices  will  protect  line- 
powered  equipment  from  the  destructive 
effects  of  such  transients. 

MORE  ON  LIGHT  DIMMER  RFI 

Q.  After  reading  your  Q&A  about 
Light  Dimmer  RFI ,  /  approached  the 


problem  from  another  direction  and 
obtained  excellent  results.  Here's  the 
procedure  I  followed. 

The  power  company  supplies  you 
with  electricity  via  a  step-down  trans¬ 
former ,  whose  secondary  is  at  220 
volts  center-tapped.  The  center  tap  is 
grounded  with  110  volts  between  it 
and  either  end  of  the  secondary .  The 
two  110-volt  lines  are  180°  out  of 
phase.  To  solve  the  RFI  problem,  you 
must  connect  the  radio  to  the  oppo¬ 
site  110-volt  line.  Either  move  the  ra¬ 
dio  to  a  power  socket  connected  to 
the  other  line  or  have  a  licensed  elec¬ 
trician  rewire  the  junction  box  so  that 
the  radio's  socket  is  no  longer  on  the 
same  side  of  the  center  tap.  — Thom¬ 
as  Rider ,  Rainelle,  WV. 

A.  Thanks  for  your  suggestion.  How¬ 
ever,  your  solution  may  work  only  in 
cases  of  conducted  RFI,  not  radiated  in¬ 
terference.  If  the  r-f  is  reaching  the  radio 
via  its  antenna  input,  moving  the  radio  to 
the  other  side  of  the  center  tap  will  not 
necessarily  decrease  the  coupling  be¬ 
tween  the  radiating  conductors  and  the 
antenna.  In  such  a  situation,  as  well  as 
in  one  in  which  a  neighbor’s  appliance  is 
suffering  from  radiated  RFI,  a  filter  near 
the  r-f  generating  thyristor  is  needed. 


FREQUENCY (Hx) 

Fig.  B.  Frequency  characteristics  of  white  and  pink  noise. 
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EAVESDROPPING  ON  LIGHT 


WE  ARE  literally  surrounded  by 
modulated  sources  of  light,  both 
natural  and  artificial.  Seeking  them  out 
can  be  an  enlightening  and  entertaining 
experience  This  month  we  re  going  to 
do  fust  that. 

We  ordinarily  discuss  circuits  that  are 
not  available  as  preassembled  commer¬ 
cial  products.  This  column,  however, 
marks  a  departure  from  our  general 
practice  in  that  it  calls  tor  the  use  of  a 
commercially  available,  battery-pow¬ 
ered  audio  amplifier  Of  course,  you  can 
use  a  home-brew  audio  amplifier  that 
you  have  on  hand,  or  you  can  build  one 
using  an  audio  1C  or  a  few  transistors. 
You  can  then  begin  tracking  down  mod¬ 
ulated  light  sources  within  minutes  of 
reading  this  column,  assuming  you  al¬ 
ready  have  a  few  common  components. 

Suitable  Detectors  and  Amplifi¬ 
ers-  Silicon  soiar  cells,  photodiodes, 
phototransistors  and  other  photovoltaic 
devices  can  all  be  employed  as  sensors 
in  the  detection  of  modulated  light 
sources.  Whatever  sensor  is  employed 
can  usually  be  directly  connected  to  the 
input  of  the  audio  amplifier.  In  some 
cases,  however,  a  transformer  or  other 
impedance-matching  device  or  circuit 
will  be  required. 

Although  the  high-fidelity  amplifier 
found  in  any  home  audio  system  can  be 
used  with  excellent  results,  a  portable 
amplifier  is  best  suited  for  this  applica¬ 
tion  because  it  can  be  readily  used  out¬ 
doors  and  in  automobiles.  Shown  in  Fig, 
1  is  a  Realistic  Micro-Sonic  battery-pow- 
ered  amplifier  I  have  used  with  suitable 
sensors  to  detect  many  different  modu¬ 
lated  light  sources  over  the  past  several 
years 

Notice  the  miniature  plug  inserted  into 
the  amplifier's  microphone  jack.  This 
plug  contains  a  small  silicon  photodiode 
whose  two  leads  are  soldered  directly  to 
the  plug's  terminals  The  opening  in  the 
plastic  cap  intended  for  the  connecting 
cable  was  enlarged  slightly  with  a  ream- 
80 


er  so  that  as  much  light  as  possible 
could  strike  the  photodiode 

You  might  be  able  to  save  a  little 
money  by  using  one  of  the  transistorized 
amplifier  modules  sold  by  some  elec¬ 
tronic  parts  suppliers  Mount  the  amplifi¬ 
er  in  a  plastic  case  along  with  a  battery, 
volume-control  potentiometer  and 
speaker.  Incidentally,  defective  portable 
tape  recorders  are  a  good  source  of  am¬ 
plifier  modules. 

Many  different  kinds  of  light  detectors 
can  be  connected  to  the  audio  amplifier. 
For  very  low  fight  levels.  I’ve  found  that  a 
large-area  silicon  solar  cell  works  best. 
However,  this  type  of  cell  is  easily  bro¬ 
ken  so  you  will  need  to  attach  the  cell 
you  select  to  a  rigid  substrate  of  plastic, 
metal  or  wood.  A  few  drops  of  cement 
will  secure  it  in  place.  You  can  give  addi¬ 
tional  protection  to  the  cell  as  well  as 
provide  a  directional  detection  capability 
by  installing  K  at  one  end  of  a  (10  to  30 
cm)  plastic,  aluminum  or  cardboard 
tube.  A  lens  is  not  necessary  if  the  sur¬ 
face  area  of  the  cell  is  about  the  same 
as  that  of  the  tube  s  aperture.  Use  a  tong 
tube  and  paint  its  inside  surface  flat 
black  for  best  results, 

Mosl  inexpensive,  large-area  silicon 
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solar  celts  available  on  the  surplus  mar¬ 
ket  are  not  supplied  with  connection 
leads.  It  is  very  important  to  use  care 
when  soldering  connection  leads  to 
these  cells  because  improper  soldering 
procedures  will  cause  the  fragile  elec¬ 
trodes  to  peel  away  from  the  cell 

The  thin  upper  electrode  is  more  dif¬ 
ficult  to  solder  than  the  large  electrode 
that  covers  the  entire  bottom  of  the  cell. 
For  best  results,  heat  a  portion  of  the  up¬ 
per  electrode  near  a  corner  of  the  cell  if  it 
is  rectangular  or  near  the  perimeter  if  it 
is  circular.  Apply  heat  for  on/y  a  few  sec¬ 
onds  with  a  low-power  iron  and  then  ap¬ 
ply  a  small  amount  of  solder,  Next  re¬ 
move  h  (3.2  mm)  of  insulation  from  one 
end  of  a  length  of  Wire-Wrap  wire  and 
place  the  exposed  conductor  along  the 
electrode  adjacent  to  the  solder  Reheat 
the  solder  for  a  moment.  It  wrfl  suddenly 
flow  over  and  around  the  wire  to  provide 
a  perfect  solder  connection.  Use  this 
same  procedure  to  solder  a  wire  to  the 
ce  K  s  bo  tto  m  el  act  ro  de , 

You  will  have  to  provide  a  means  for 
protecting  the  wire  leads  after  the  cell  is 
mounted  on  a  card  or  in  a  tube.  I  prefer 
to  attach  a  shielded  phono  cabie  to  the 
lube  or  card  and  then  solder  the  cell's 
leads  to  the  cable  This  prevents  the 
leads  attached  to  the  cell  from  being 
broken  by  a  sudden  jerk,  The  shielded 
cable  reduces  unwanted  noise  from 
nearby  ac  power  lines  and  other 
sources. 

For  special-purpose  detectors,  try 
light-emitting  diodes  instead  of  solar 
cells.  The  peak  response  of  a  LED  is 
confined  to  a  much  narrower  group  of 
wavelengths  than  that  of  a  solar  cell, 
and  roughly  corresponds  to  the  wave¬ 
length  emitted  by  the  diode  when  for¬ 
ward  biased.  For  example,  a  high-effi- 
ciency,  GaAs:Si  near-infrared  emitter 
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has  a  peak  spectral  response  at  about 
940  nanometers. 

Visible  LEDs  work  as  detectors  also, 
but  they  are  not  as  efficient  as  near- 
infrared  LEDs.  Figure  2  shows  a  GaAs 


Fig.  2.  Infrared  emitting  diode 
connected  to  miniature  phone  plug . 

infrared  emitter  soldered  to  a  miniature 
plug  that  can  be  inserted  directly  into  a 
modular  amplifier’s  input  jack. 

Whatever  detector  you  select,  tune  in 
as  many  different  light  sources  as  possi¬ 
ble.  Many  LED  clock,  watch  and  calcula¬ 
tor  displays  are  multiplexed  at  relatively 
low-frequencies  and  will  usually  produce 
a  buzz  or  hum.  Fluorescent  lamps  and 
neon  lights  produce  a  very  strong 
1 20-Hz  buzz.  Several  years  ago,  a  long- 
range  light-beam  communications  ex¬ 
periment  I  was  conducting  was  interrupt¬ 
ed  by  a  persistent  buzz  originating  from 
a  large  neon  advertising  sign  more  than 
two  miles  away!  Flickering  candles, 
matches,  lighters,  campfires  and  fire¬ 

ZOO* 


pick  up  the  hum  of  a  flying  insect  by  cap¬ 
turing  the  sunlight  reflected  from  its  os¬ 
cillating  wings.  Similarly,  you  will  detect 
the  wing  beats  of  a  hummingbird  when 
you  position  your  detector  so  as  to  form 
a  straight  line  with  the  sun  and  a  bird 
hovering  at  a  feeder. 

To  liven  up  the  otherwise  uninspiring 
hiss  produced  by  a  flashlight,  tap  its  re¬ 
flector  with  a  pencil.  This  will  cause  a 
pleasant  chime-like  sound  as  the  fila¬ 
ment  vibrates  in  and  out  of  the  reflector’s 
focal  point. 

Calvin  R.  Graf,  an  acquaintance  who 
shares  my  interest  in  monitoring  modu¬ 
lated  light  sources,  has  described  some 
of  these  and  many  other  observations  in 
a  recently  published  book  entitled  Listen 
to  Radio  Energy ,  Light  and  Sound  (How¬ 
ard  W.  Sams  &  Co.,  Inc.,  1978).  Calvin’s 
book  reports  on  many  of  his  personal 
observations  and  suggests  experiments 
that  can  be  conducted  easily. 

Op  Amp  Preamplifier.  The  circuit 
shown  in  Fig.  3  will  serve  as  a  crude  but 
effective  preamplifier  for  a  battery-pow¬ 
ered  portable  amplifier.  The  preamplifier 
can  be  assembled  on  a  small  perforated 
board.  Insert  the  leads  from  a  pair  of  9- 
volt  battery  connector  clips  through  a  14" 


Fig.  3.  Simple  op-amp 
preamplifier  for 
monitoring  modulated 
light  sources. 


places  produce  a  variety  of  interesting 
sounds. 

Electrical  storms  are  particularly  fas¬ 
cinating  to  monitor,  especially  at  night. 
Lightning  flashes  produce  the  same 
crackling  and  popping  sounds  as  those 
heard  over  a  radio  during  a  storm.  The 
light  detector,  however,  finds  line-of- 
sight  discharges  which  makes  it  possi¬ 
ble  to  identify  areas  of  peak  activity. 

Although  the  photodetector’s  sensitiv¬ 
ity  is  reduced  in  daylight  due  to  the  un¬ 
wanted  dc  bias  which  is  produced,  light¬ 
ning  can  still  be  detected.  Often,  in  fact, 
you’ll  detect  with  a  solar  cell  lightning 
that  you  cannot  see  with  your  eyes. 

Steady  light  originating  from  the  sun 
and  dc-powered  lamps  normally  pro¬ 
duces  only  a  hiss.  Movement,  however, 
adds  a  new  dimension  to  steady  light 
sources.  You  will  discover  its  effect  the 
first  time  you  “hear”  light  from  the  sun 
interrupted  by  a  picket  fence  or  over¬ 
head  branches.  You  will  even  be  able  to 


hoie  drilled  in  the  board  and  tie  a  knot  in 
the  leads  to  keep  them  from  pulling 
loose.  Then  solder  them  to  the  appropri¬ 
ate  circuit  nodes.  (Red  is  positive  and 
black  is  negative.)  Connect  the  preamp 
to  the  amplifier  with  shielded  cable. 

The  voltage  gain  of  the  preamp  is  the 
quotient  of  R2  divided  by  R1.  With  the 
values  shown  on  Figure  3,  its  gain  is 
1000.  This  should  be  more  than  ade¬ 
quate  for  most  sensors.  Too  high  an  in¬ 
put  signal  will  overdrive  the  audio  am¬ 
plifier,  so  keep  the  volume  control  set  to 
a  low  level  when  using  the  preamp. 

A  word  of  caution  is  in  order  for  those 
who  want  to  eavesdrop  on  light  in  noisy 
areas.  An  earphone  will  prove  very  help¬ 
ful  when  the  ambient  sound  level  is  high, 
but  be  sure  the  volume  is  turned  to  a  low 
level  until  you  have  focused  in  on  a  light 
source  you  wish  to  monitor.  Unexpected 
flashes  of  light  can  produce  very  loud 
sounds!  O 


DX 

Listening 


By  GJenn  Hauser 


INTERCONTINENTAL  TV  -  DX 


vide  the  advantage  (for  DX  listeners)  of 
audio  on  lower  frequencies  than  video— 
meaning  we  ll  hear  the  audio  first,  as  the 
MUF  ascends. 

Several  powerful  transmitters  operate 
on  each  of  these  channels,  some  slightly 
offset.  It  would  certainly  pay  to  include 
these  two  frequencies  on  your  scanner 
In  North  America,  the  MUF  from  Europe 
peaks  in  the  mid-to-late  morning  hours. 
If  this  is  an  inconvenient  time  to  listen, 
you  can  simply  use  a  timer  and  make  an 
audio  tape,  which  you  can  scan  later  at 


THE  ULTIMATE  in  terrestrial  DX  is 
tuning  in  overseas  television  broad¬ 
casts  Though  it's  now  possible  to  see 
foreign  TV  programs  by  eavesdropping 
on  satellites,  there  s  nothing  to  beat  the 
thrill  of  picking  up  an  overseas  TV  trans¬ 
mission  direct ,  without  the  help  of  a  sat¬ 
ellite  relay. 

Since  TV  frequencies  go  no  lower 
than  40  MHi,  it  takes  very  good  propa¬ 
gation  conditions  to  push  the  maximum 
useable  frequency  past  the  40-MHz 
mark.  This  is  the  same  F2-layer  skip 
which  makes  worldwide  contact  routine, 
on  the  lower,  shortwave  bands. 

The  only  time  F2  passes  40  MHz  with 
any  regularity  is  during  solar  cycle 
peaks.  We  are  entering  the  upswing  of 
Cycle  21  right  now.  Such  DX  will  be  pos¬ 
sible  for  the  next  two  years  or  $0,  By  the 
time  the  next  sunspot  peak  occurs, 
around  1991.  the  lowest  of  these  TV 
channels  will  have  been  phased  out  in 
favor  of  uhf.  So  now  is  the  time  to  get  in 
on  worldwide  TV  DX, 

This  correlates  closely  with  conditions 
on  the  10  and  6  meter  ham  bands.  If  a 
certain  area  is  being  heard  on  10,  this 
can  serve  as  a  pilot  to  conditions  on 
higher  frequencies.  If  DX  is  coming  in  on 
6  meters,  it's  likely  that  TV  DX  will  be 
there  too  from  the  same  area,  on  the 
same  or  lower  frequencies.  However, 
propagation  tends  to  be  best  just  below 
the  fluctuating  maximum  useable  fre¬ 
quency  (MUF). 

Though  a  few  dedicated  TV  DXers 
have  imported  receivers  which  will  de¬ 
modulate  foreign  video,  it  is  not  neces¬ 
sary  to  go  this  far.  We  can  more  easily 
tune  for  the  audio  channels  of  TV  sig¬ 
nals  on  radio  receivers.  However,  if  you 
can  obtain  a  British  or  European  multi- 
standard  TV  set.  by  all  means  do  so. 

The  two  prime  frequencies  to  monitor 
are  41 .25  MHz  (French  ch.  2)  and  4 1 .50 
MHz  (British  ch,  1).  Only  Britain,  France, 
and  Belgium  use  AM,  rather  than  FMfor 
TV  sound.  Britain  and  France  also  pro- 


TADLE  I — TV  FREQUENCIES,  40-62  MHz 


MHz 

Channel 

Audio/Video 

41.25 

F2 

AM 

41.48 

B1  - 

AM 

41.50 

01 

AM 

41.52 

B1  + 

AM 

41  547 

B1  +  + 

AM 

44.993 

B1  - 

V 

45.00 

B1 

V 

45  007 

B1  + 

V 

45.047 

B1  +-  ■+■ 

V 

45,25 

NZ1 

V 

46,25 

AuO 

V 

48.23 

B2 

AM 

48.25 

B2 

AM 

48.25 

E2 

V 

48.26 

E2  + 

V 

48.27 

B2+  + 

AM 

49.75 

E2A,  HI 

V 

50  75 

NZl 

FM 

51.743 

B2 

V 

51.75 

B2 

V 

51.75 

AuO 

FM 

51,757 

B2- 

V 

52.40 

F2 

V 

53.25 

B3 

AM 

53.75 

E2 

FM 

53.75 

ItA 

V 

53.76 

E2  + 

FM 

53.77 

E2  ■■-+■ 

AM 

54.40 

F4 

AM 

55.24 

A2- 

V 

55.25 

A2 

V 

55.25 

E3 

V 

56.25 

R1 

FM 

56,75 

B3 

V 

57.25 

Aul 

V 

57.75 

— 

V 

58.23 

04-  - 

AM 

5825 

84 

AM 

59.25 

R2 

V 

59  25 

ItA 

FM 

59.74 

A2- 

FM 

59,75 

A2 

FM 

59  76 

A2  +■ 

FM 

60.75 

E3 

FM 

61  743 

B4- 

AM 

61.75 

04 

AM 

Where  Used 

France  (many),  Monaco 
Northern  Ireland 
U.  K.  (many) 

Wick,  U.K. 

Cornwall,  U.K. 

Northern  Ireland 
U.  K,  (many) 

Wickf  U.K. 

Cornwall.  U.K. 

New  Zealand  (several) 
Australia  (several) 

U.  K. 

U,  Kr  (many) 

Europe,  Africa,  Mideast  (many) 

Europe 

UK. 

Austria.  E,  Europe,  USSR. 
China  (many) 

New  Zealand  (several) 

U.  K. 

U,  K.  (many) 

Australia  (several) 

U.  K. 

France  (many).  Monaco 
U.  K  (many) 

Europe,  Africa,  Mideast  (many) 
Italy  (many) 

Europe 

Belgium 

France 

N,  &  S.  America  (many) 

N.  &  S.  America  (many); 
see  text 

Europe,  Africa,  Asia 
(many) 

China,  USSR,  Eastern  Europe 
U.K. 

Australia  (several) 

China 

U.K. 

U.  K.  (many) 

USSR,  Eastern  Europe 
Italy  (many) 

N.  &  S.  America  (many) 

N,  &  S.  America  (many); 
see  text 

N.  &  S.  America  (many) 
Europe  (many) 

U.  K. 

U.  K,  (many) 
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on  software,  hardware,  simulations,  computer  games,  robotics, 
computers  and  calculators,  languages  and  compilers,  custom 
systems  design  and  scores 
of  applications.  RCttQ 


BYTE,  the  leading  magazine  in  the 
personal  computer  field,  will  keep  you 
aware  of  fast-paced  changes  in  the 
ever  growing  world  of  microproces¬ 
sors.  You'll  find  BYTE  tutorials  invalu¬ 
able,  reports  on  home  computer 
applications  instructive,  and  the  re¬ 
views  of  computer  products  stimulating. 

Tutorial  information  in  BYTE  is  of 
interest  to  both  the  beginner  and 
experienced  computer  user.  BYTE’s 
editorial  content  explores  the  fun  of 
using  and  applying  computers  for 
personal  satisfaction  in  activities  from 
electronic  music  to  electronic  mail, 
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principles  of  computer  hardware 
and  software  design,  approaches  to 
novel  applications,  and  essentials  of 
proven  interest  to  personal  computer 
enthusiasts. 

Each  month  serious  computer  users 
read  BYTE*  They're  rewarded  with 
timely  articles  by  professionals, 
computer  scientists  and  competent 
amateurs.  Isn’t  it  time  you  got  the  in¬ 
side  story?  Subscribe  now  to  BYTE, 
the  Small  Systems  Journal. 
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your  convenience  at  higher  speed,  for 
signs  of  programmed  audio. 

This  is  exactly  what  I  did  last  Hal¬ 
loween,  and  I  was  rewarded  with  two 
solid  hours  of  tape  (1600-1800  GMT)  of 
both  British  and  French  TV  audio.  This 
was  done  with  nothing  but  a  short  ran¬ 
dom-wire  antenna  and  a  cheap  6-band 
portable  including  the  30-50  MHz  range. 
It  was  carefully  pre-tuned  to  the  correct 
frequency.  Such  receivers  are  sufficient¬ 
ly  broad-band  to  pick  up  two  signals  250 
KHz  apart.  For  clearest  AM  audio  when 
listening  to  an  FM-mode  receiver,  tune 
about  100  kHz  to  either  side  of  the  carri¬ 
er  frequency. 

This  was  the  first  time  I  had  heard  Eu¬ 
ropean  TV  in  North  America.  I  had  re¬ 
ceived  the  same  two  channels  in  1970 
while  in  Thailand,  and  sent  taped  reports 
both  to  London  and  Paris,  though  I  was 
certain  of  what  I  had  received.  The  BBC 
refused  to  verify,  and  French  TV  refused 
to  answer.  So  this  time  I’m  content  to  lis¬ 
ten  and  tape. 

Table  I  shows  all  the  TV  video  and  au¬ 
dio  frequencies  used  in  the  world  in  the 
40-62-MHz  range.  F2  is  not  likely  to  go 
much  higher  than  listed;  but,  if  the  sun¬ 
spot  count  hits  a  record  high,  this  could 
happen.  Of  course,  without  a  TV  tuner  of 
the  proper  standards,  the  video  will  be 
unintelligible,  but  just  hearing  the  buzz 
should  be  a  valuable  tip-off  that  the  DX 
is  ‘in’,  and  corresponding  audio  chan¬ 
nels  should  be  checked. 

You’ll  note  that  some  of  these  fall 
within  the  6-meter  (50-54-MHz)  ham 
band.  A  good  sensitive  6-meter  setup 
can  be  a  valuable  asset  in  TV  DX  listen¬ 
ing.  These  ‘intruders’  would  be  better 
DX  than  any  ham  stations  you  will  hear. 

If  Europe  is  pounding  in  on  the  41 
MHz  channels,  keep  checking  higher 
and  higher  European  frequencies.  The 
MUF  from  Down  Under  peaks  in  our  late 
afternoons  or  early  evenings.  This  is  the 
time  to  check  45.25  and  46.25  MHz  for 
video;  and  50.75  and  51.75  MHz  for  au¬ 
dio  from  New  Zealand  and  Australia.  At 


TABLE  II — SWBC 
HARMONIC  BANDS 


MHz  range 

Harmonic 

Fundamental 

Band 

28.400-29.200 

4 

7  MHz 

28.500-29.325 

3 

9  MHz 

28.750-31.000 

5 

6  MHz 

30.200-30.900 

2 

15  MHz 

35.100-35.925 

3 

11  MHz 

35.400-35.800 

2 

17  MHz 

38.000-39.100 

4 

9  MHz 

42.900-43.500 

2 

21  MHz 

45.300-46.350 

3 

15  MHz 

51.200-52.200 

2 

25  MHz 

POPULAR  ELECTRONICS 

86 


TABLE  III— RECENTLY  HEARD  HARMONICS 

Har- 


MHz 

Har¬ 

mon¬ 

ic 

Funda¬ 

mental 

-  - - - - - - - 

Station,  Location 

Typical 

Time 

GMT 

29.020 

4 

7.255 

BBC,  U.K. 

1425 

30.140 

2 

15.070 

BBC.U.K. 

1330,1430 

30.210 

2 

15.105 

BBC,  Ascension 

1300 

30.260 

2 

15.130 

R.  Moscow 

1330 

30.290 

2 

15.145 

R.  Jornal  do  Comercio, 

30.300 

2 

15.150 

Recife,  Brazil 

Deutsche  Welle,  Antigua 

1345 

1330 

30.328 

5 

6.0656 

R.  Super,  Colombia 

1325 

30.360 

2 

15.180 

BBC,  U.K.  (Arabic) 

1345,  1415 

30.390 

2 

15.195 

VOA,  Ascension  (Spanish) 

1330 

30.440 

2 

15.220 

R.  Exterior,  Spain 

1300 

30.474 

5 

6.0948 

La  Voz  del  Centro,  Colombia 

1330,1630, 

30.520 

2 

15.26 

RCI,  Sackville,  N.B. 

2145 

1800 

30.520 

2 

15.26 

BBC,  Ascension 

2100 

30.630 

2 

15.315 

RCI,  Portugal 

1430 

30.670 

2 

15.335 

R.  Exterior,  Spain 

1400,  1600 

30.790 

2 

15.395 

BBC,  U.K. 

1400 

30.800 

2 

15.400 

BBC,  Ascension 

1710 

the  same  time,  watch  out  for  video  buzz  their  fundamental  frequencies.  When 

on  49.75  MHz,  which  will  signal  recep-  conditions  are  favorable,  these  are 

tion  from  China  or  the  Soviet  Far  East.  heard  with  surprising  strength  over  great 
Single-hop  skip  distances  at  these  fre-  distances.  The  most  likely  frequency 
quencies  are  on  the  order  of  5000  km,  ranges  for  this  are  in  Table  II. 

so  if  you  have  a  clear  shot  on  American  Note  that  some  of  these  overlap,  and 

ch.  2,  it’s  possible  to  get  stations  from  that  an  out-of-band  fundamental,  or 

one  coast  to  the  other  via  F2.  This  is  not  higher  order  harmonic,  could  put  a  sig- 

to  be  confused  with  the  much  more  com-  nal  just  about  anywhere  else  in  the  low 

mon  sporadic  E,  which  skips  at  lA  to  range.  If  you  can  tune  the  range  continu- 

of  this  distance.  Also,  there  are  stations  ously,  it’s  easy  to  spot  these  AM  signals 

all  over  Latin  America  using  U.S.  stand-  bearing  programming-type  talk  and  mu- 

ards  on  ch.  2,  as  well  as  other  pockets  sic,  in  contrast  to  all  the  intermittent  FM 

here  and  there — such  as  South  Korea,  2-way  signals  assigned  to  the  30-50- 

Philippines,  Samoa,  Saudi  Arabia.  MHz  band  or  the  SSB  and  CW  of  the 

On  the  same  video  frequency  as  50-MHz  ham  band. 

American  ch.  2  is  European-system  ch.  Some  shortwave  receivers  which  sup- 
3.  If  you  are  lucky  enough  to  have  DX  posedly  tune  up  to  30  MHz,  can  be 

coming  in  on  ch.  E3,  you  can  receive  the  pushed  to  31  MHz,  covering  at  least  one 

video  on  an  American  set  tuned  to  ch.  2,  prime  ‘harmonic  band1.  Such  is  the  case 

simply  by  adjusting  the  vertical  hold  (and  with  the  FRG-7.  If  you  use  a  cheap 

perhaps  the  horizontal).  But  since  audio  30-50-MHz  receiver,  you  will  find  lots  of 

is  5.5  MHz  above,  rather  than  4.5  MHz,  extraneous  signals  to  confuse  you — 

an  unmodified  U.S.  set  won’t  pull  in  au-  images  of  local  FM  and  TV  stations;  in- 

dio  at  the  same  time,  even  if  the  MUF  is  terference  over  the  whole  band  from 

reaching  that  high.  shortwave  utility  stations  near  1 0.7  MHz, 

Caution — domestic  U.S.  TV  sets  re-  riding  in  on  the  usual  10.7-MHz  i-f  of 

radiate  varying  amounts  of  video  signal  these  receivers;  and  receiver-generated 

around  45  MHz  and  audio  around  41  images  from  21 .4  (2  x  10.7)  MHz  below. 

MHz.  The  exact  frequencies  depend  on  This  can  be  especially  confusing  around 

the  set’s  i-f  and  the  fine  tuning  setting.  43  MHz,  where  both  images  and  true 

Don’t  jump  to  the  conclusion  you’ve  got  transmitted  harmonics  from  21-MHz 

overseas  TV  coming  in,  when  it  may  be  band  stations  fall, 

a  neighbor’s  TV  set,  or  even  your  own.  Table  III  shows  a  few  of  the  harmonics 

the  author  has  recently  monitored  in  the 
Harmonic  DX.  Another  kind  of  DX  to  30-MHz  area.  Some  frequencies  may 

enjoy  during  sunspot  peaks  is  harmonic  change,  of  course,  as  international 

DX  in  the  30-MHz  range  and  above.  broadcasters  change  their  fundamental 

Shortwave  broadcast  stations  radiate  frequencies. 

small  amounts  of  signal  on  exact  2nd,  DXers  specializing  in  the  tropical  (6 
3rd,  4th  and  even  higher  multiples  of  MHz  and  below)  shortwave  bands  are 
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B&K-PRECISION’s 

new 
digital 
probe 
offers  more 
thanlogic^ 


Model 

DP-50  K 

Reveals  pulse 
presence  to  50MHz 

■  Priced  at  only  $50 

■  Multi-family,  compatible  V  .Ul-' 

with  TTL,  DTL,  RTL, 

CMOS,  MOS,  and  HiNIL  ■ 

■  Clearly  displays  in-circuit 

logic  activity  u 

■  Memory  mode  to  “freeze”  % 

pulse  display  ^ 

■  Pulse  mode  to  “stretch”  % 

short  pulses  v 

■  2  megohm  input  impedance  1 

■  Typically  detects  pulses 
to  10  nanoseconds 

■  Overload  and  reverse 
polarity  protected 

The  new  B&K-PRECISION  DP-50  50MHz 
digital  probe  simplifies  the  trouble¬ 
shooting  and  analysis  of  all  digital  cir¬ 
cuits  by  clearly  displaying  in-circuit 
logic  activity  and  pulse  presence. 

This  compact  instrument  includes 
every  important  logic  probe  feature 
and  more.  Three  bright  LED  indicators 
display  pulse  presence  and  high-  and 
low-logic  states.  Unlike  ordinary  logic 
probes,  the  DP-50  digital  probe  will  con¬ 
tinue  to  indicate  pulse  presence  to 
50MHz. 

Available  for  immediate  delivery  at 
your  local  distributor. 

DVNASCAN 

CORPORATION 

6460  West  Cortland  Street 
Chicago,  Illinois  60635  -312/889-9087 
_ In  Canada:  Atlas  Electronics,  Ontario _ ^ 
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'  \  Get  the 
jag  \  Most  Out  of 
jfcyAYour  Computer 
with 

^Xreatrve  Computing 


Software  and  Applications.  Pragmatic,  well- 
documented  programs  with  complete  listings  on  data 
base  systems,  word  processing,  communications, 
simulations,  investment  analysis,  games,  music  syn¬ 
thesis,  computer  art,  business  functions,  building 
control  and  more. 

System  Evaluations.  In-depth,  probing  evaluations  of 
personal  and  small  business  systems  every  issue.  No- 
nonsense  reviews  of  software  from  independents  as  well 
as  the  majors. 

Regular  Features.  Operating  Systems  Q  and  A. 
Columns  on  the  TRS-80,  Apple  and  PET.  Book  reviews. 
Programming  techniques.  Short  programs.  Computer 
games.  New  products.  Even  a  dose  of  fiction  and 
foolishness. 

We  guarantee  that  Creative  Computing  will  help  you 
get  more  out  of  your  personal,  school,  or  business 
computer  or  we’ll  give  you  your  money  back! 

□  3  years  $40  (Save  $32  over  retail  price) 

□  2  years  $28  (Save  $20  over  retail  price) 

□  1  year  Si 5  (Save  $9  over  retail  price) 

Foreign:  □  Surface  add  $9/yr.  □  Air  add  $24/yr. 

To  order,  send  payment  or  bankcard  (Visa  of  Master 
Charge)  number  and  expiration  date  with  your  name  and 
address  to  Creative  Computing,  Attn:  Claire  P.O.  Box 
789-M,  Morristown,  N.J.  07960. 

Save  time!  Phone  bankcard  orders  toll-free  to: 


Put  Professional  Knowledge  and  a 

COLLEGE  DEGREE 

in  your  Electronics  Career  through 

STUDY  .-.ft® 


800-631-8112 

(In  NJ  call  201-540-0445) 


I  creative  coiaputiieg  I 


P.O.  Box  789-M,  Morristown.  NJ  07960 
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Build  The  World’s  Most 
Powerful  8-Bit  Computer 

Featuring  The  Famous  Intel  8085! 

Explorer/85™ 


Earn  Your 

DEGREE 

by  correspondence,  while  continuing  your 
present  job.  No  commuting  to  class.  Study 
at  your  own  pace.  Learn  from  complete  and 
explicit  lesson  materials,  with  additional 
assistance  from  our  home-study  instructors. 
Advance  as  fast  as  you  wish,  but  take  all  the 
time  you  need  to  master  each  topic.  Profit 
from,  and  enjoy,  the  advantages  of  directed 
but  self-paced  home  study. 

The  Grantham  electronics  degree  pro¬ 
gram  begins  with  basics,  leads  first  to  the 
A.S.E.T.  degree,  and  then  to  the  B.S.E.T. 
degree.  Our  free  bulletin  gives  complete 
details  of  the  program  itself,  the  degrees 
awarded,  the  requirements  for  each  degree, 
and  how  to  enroll.  Write  for  Bulletin  EBO, 

Grantham  College  of  Engineering 

(2500  South  La  Cienega  Blvd.) 

P.  0.  Box  35499 
Los  Angeles,  CA.  90035 

Worldwide  Career  Training  thru  Home  Study 
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Starting  for  just  $129.95  you  can  now  build 
yourself  a  sophisticated,  state-of-the-art 
computer  that  can  be  expanded  to  a  level 
suitable  for  industrial,  business  and 

commercial  use.  You  learn  as  you  go. .  .in  choice  of  hex  keypad  or  terminal  input 

Small,  easy-to-understand,  inexpensive  levels!  It  you  plan  to  customize  EXPLORER  Iw  dedicated  use.  we  recommend  lhal  you  order 

hex  keypad  input.  But,  it  you  are  planning  to  go  whole  hog  and  blow  EXPLORER  up 

•  Fmaturms  tntml  ROBS  cnu/100%  rnmnrntlhlm  *ilth  int0  a  ,ul1  Size  state-oHhe-an  system  with  8K  or  extended  basic  (coming  soon),  up 

•Slii  a  compatible  with  l0  64K  of  memory,  (loppy  disks,  telephone  interlace,  printers,  and  all  sorts  ol  S-100 

SOouA  software!  plug-ins— you'll  be  better  otf  with  the  Keyboard/Vtdeo  Terminal  input  The  St 49  95 

•  Onboard  S-700  bus  (up  to  6  slots)!  EXPLORER  Keyboard /Video  Terminal  includes  lull  ASCII  decoding  with  128  ASCII 

-  _ I  n  »  mm  j  n/T.j _ .  ,  upper/lower  case  set,  96  printable  characters,  onboard  regulators  and  selectable 

•  UnbOaTO  HAM  ana  HUM  expansion !  display  formats— 32x16  tor  tv  set  of  54x16  (of  video  monitor  (not  included) 

•  Built-In  deluxe  2K  Monitor/Operating  ROM!  expand  explorer,  level-by-level 

•  Cassette/RS  23P  nr  90  mnJd-1/2  R.hlt  nArnllml  14,11  "B"-  at  *49-95.  adds  S-100  signals  plus  onboard  RAM/ROM  decoding 

Svil1?-?  ,  ,  ,  T  ,  includes  all  pans  necessary  to  generate  the  signals  (or  S-100  bus  accessories  Just 

UU  ana  timer  ail  on  beginner  S  Level  A  system!  add  two  s-100  bus  connectors  and  you  have  a  complete  S-100  compatible  computer 

...  .  *  .  ,  ..  , .  with  a  world  ot  add-ons  al  your  fingertips.  Choose  from  hundreds  ol  products  lo 

EXPLORER/85  gives  you  big  computer  features  immediately,  without  turning  you  satisly  your  individual  needs.  Level  B'  kit  also  includes  the  address  decoders  tor 
into  an  appliance  operator,  doomed  to  run  pre-developed  software  (or  tile  Simply  onboard  ram  and  ROM  expansion,  which  ace  addressable  anywhere  in  the  65K  held, 
connect  EXPLORER  to  a  terminal,  video  monitor r  or  1v  set  and  8  volt  power  supply  and  Lml  139.95.  expands  the  S-100  bus  to  allow  a  total  ot  six 

start  running  programs  the  very  firs  night'  Level  A  teaches  you  machine  s-100  cards  to  be  plugged  into  EXPLORER’S  motherboard  and  contained  in 
language  and  computer  fundamentals.  It  lets  you  run  exercise  programs  including  EXPLORER  S  sleel  cab.nel  Includes  all  hardware,  mounting  brackets,  board  guides 
programs  lo  examine  the  cpu  registers .  examine  memory,  till  memory .  move  memory  e)c  Jusl  add  the  number  0,  s. ,  00  bus  connecIor s  you  ne*f  9 

and  make  up  games  You  can  load  and  play  back  I hese  programs  on  an  ordinary  tape  Ltwl  •■D"  „piM|ttn,  at  *69.95,  gives  you  4K  of  onboard  static  RAM  utilizing 
cassette-and  display  vogr  efforts  on  any  tv  street  video  monilor  or  printer  *8  95  2114  1C  s  Your  board  will  also  accept  four  2716  EPROM's.  which  can  be  purchased 
Rf  modulator  required  tor  tv  use.)  The  simplified  architecture  ot  the  Inlet  6085  separately  You  now  have  an  advanced  mainframe  that  can  be  customized  with  the 
makes  EXPLORER  far  easier  to  understand  than  computers  using  the  older,  more  peripherals  yom  choice  to  fit  anv  for  ail)  soectfic  feoutri?menf<;  Each  level  of 
complex  but  'ess  powerful  BOBOA.  Then,  when  you’re  ready.  EXPLORER  can  be  SpEoRER  if  ^raiS^Slited  fV ^ S 
expanded  by  you  to  rival  the  power  ol  any  8-bil  computer  on  earth  Or  you  can  available  Irom  Netronics  Oreer  your  EXPLORER  today* 

customize  it  to  perform  a  dedicated  task,  thanks  lo  onboard  , _ _T  iwinni  wnu  Tuncrn! lonw  rnnAvi  - _ _ _ . 

prototyping.  RAM  and  ROM  expansion  capabilities  T  .  ...  FR™  ^OUPO^ODkil  1 


m 


As  featured  in  ^*"N-***^r 
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EXPLORER/85  shown  with  video  Monitor  and  Keyboard /Video  Terminal. 


leveL-A” spec.fTcat.ons  1  NetrOTic*  R4D  LW«  W  PE  3-  333  LHchftaW  New  Milford ,  CT  06676 

EXPLORER'S  Lever ’A"  system  leatures  an  advanced  Intel  ,  □  Level  "A'"  EXPLOREH/85  kit  (specify  □  ter-  □  Deluxe  Steel  Cabinet  lor  EXPLOR 
8085  cpu.  which  is  50%  laster  than  its  8080A  prede-  I  minal  or  □  hex  keypad  input).  *129.95  plus  *39.95  plus  S3  p&h. 
cessor,  yet  100%  compatible  with  8080A  sottware  .  S3  p&h.  □  Deluxe  Steel  Cabinet  lor  Keyboard/Vidi 

which,  you'll  discover,  exists  by  the  ton.  "Big  computer1'  ■  □  Po#er  Supply  kit.  5  amp.  ±8  volt,  *34  95  minal.  *19.95 plus*2.50  p&h. 


□  Deluxe  Steel  Cabinet  lor  EXPLORER/85.  . 

*39.95  plus  S3  p&h.  1 

□  Deluxe  Steel  Cabinet  tor  Keyboard /Video  Ter-  1 
which,  you'll  discover,  exists  by  the  ton.  "Big  computer''  '  □  p^r  Supply  kit.  5  amp.  ±8  volt,  *34  95  minal,  *19.95 plus*2.50  p&h. 

features  include  an  8355  ROM  with  2K  deluxe  monitor/  .  plus  *2  p&h  □  RE  Modulator  kit  S8  95  DDd  I 

nauoffiA&sB&s 1  °  sr^vMraj'"M,r  — ! 

with  tape  control  circuitry  lo  allow  labeling  cassette  files.  |  u  Sf* rd/Video  Terminal  kit.  *149.95  □  y(SA  □  Mas  ter  Charge  Exp.  Date  _ 

and  commands  which  include:  "display  contents  ol  _  PIU5»JP*n 

memory,"  "run  at  user  location  (go  to)."  "insflrt  data."  I  D  J?®*  keypad  kit  for  hex  version,  *69.95  plus 

"move  contents  of  memory."  "examine  registers  individ-  *2 P&h-  PHONE  ORDERS  CALL  (203)  354-9375 

uaily  or  all,"  lill  command  (to  till  the  contents  of  memory  I  □  Level  "B"  S-100/0nboard  RAM/ROM  Decoder  Print 

with  any  variable),  automatic  baud  rate  selection,  program-  kit  (less  S-100  connectors).  *49.95  plus  *2  Name  _ 

mable  characters  per  line  display  output  formal,  and  more!  |  P&h. 

An  8155  RAM— I/O  chip  contains  256  bytes  ol  RAM,  two  □  Level  "C"  S-100  5-Card  Expander  kit  (less  Address  _ 

programmable  8-bit  bi-directional  apd  one  programmable  I  connectors),  *39.95  plus  *2  p&h. 

6-bit  bi-directional  I/O  ports  plus  programmable  14-bit  □  S-100  Bus  Connectors  (gold).  *4.85  each  City  _ 

binary  counler/timer,  user  interrupt  and  reset  switches.  *  n  Leva.  -D--  4K  Onboard  RAM  kit  SfiQ  Q«i  nins 

Onboard  dxransion  nmvisions  axist  lor  un  to  six  9-100  1  U  U  Un00ara  KAM  kit.  569.9b  plus  „ 


Onboard  expansion  provisions  exist  for  up  to  six  S-100  ) 
boards,  4K  of  RAM  and  8K  0!  ROM,  PROM  or  EPROM,  |__ 
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.  DEALER  INQUIRIES  INVITED  _ 


complaining  about  generally  poor  recep¬ 
tion.  This  is  largely  due  to  increased 
lower-frequency  absorption  as  the  high¬ 
er  frequencies  work  better  and  better.  It 
would  be  wise  to  be  flexible  enough  to 
take  advantage  of  the  solar  cycle,  and 
DX  each  frequency  range  when  it  is 
best.  Now  is  the  time  to  concentrate  on 
2Q-60  MHz. 

Tropical  Bands  Threatened. 

There’s  some  apprehension  that  even 
when  tropical  reception  improves  toward 
the  next  solar  cycle  trough,  DX  listening 
may  have  been  ruined  on  the  60-meter 
band.  There  have  been  proposals  to 
allow  high-powered  international  broad¬ 
casting  on  this  band. 

This  would  be  very  advantageous  for 
the  international  listening  audience 
when  the  MUF  falls  below  6  MHz,  as  it 
often  does  between  Europe  and  North 
America  during  the  winter  ih  solar  trough 
years.  However,  it  would  severely  hinder 
reception  of  many  third-world  stations 
which  presently  occupy  this  band  almost 
exclusively. 

A  letter-writing  campaign  seems  to 
have  had  some  success  in  opposing  this 
move,  coupled  with  the  Third  World’s  re¬ 
alization  that  they  can  bring  to  bear  a 
powerful  voting  bloc  at  the  World  Ad¬ 
ministrative  Radio  Conference,  set  to 
begin  this  September  in  Geneva.  The 
WARC  will  reallocate  the  entire  electro¬ 
magnetic  spectrum,  to  conform  with  pre¬ 
sent-day  needs  and  those  anticipated 
until  the  end  of  the  century.  <0 
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Computer  Bits 


By  Hal  Chamberlin 


RANDOM  NUMBER  GENERATORS 


RANDOM  number  generator  subrou¬ 
tines  are  taken  tor  granted  by  near¬ 
ly  all  computer  users.  Every  version  of 
the  BASIC  programming  language, 
even  the  simplest  “tiny  BASIC”,  has  a 
random  number  function.  Probably  the 
heaviest  usage  of  random  numbers  is  in 
games  where  chance  is  an  element. 
Other  applications  of  random  numbers 
include  real-world  simulations,  program 
testing,  and  the  generation  of  white 
noise  in  music  programs. 

While  BASIC  users  have  a  seemingly 
infinite  reservoir  of  random  numbers  at 
their  disposal  simply  by  using  the  RND 
function,  machine-language  users  also 
have  applications  for  random  numbers. 
Serious  mathematical  simulations 
where  BASIC  is  too  slow  or  6-digit  ac¬ 
curacy  is  not  enough,  are  written  in  ma¬ 
chine  language  and  may  need  a  high¬ 
speed  source  of  random  numbers.  Mu¬ 
sic  synthesis  is  usually  done  in  machine 
language  and  requires  random  numbers 
for  noise  generation  and  subtle  varia¬ 
tions  in  the  sound  for  naturalness.  Also, 
games  on  small  computers  such  as  the 
KIM-1  or  any  of  the  TV  or  arcade  sys¬ 
tems  must  be  programmed  in  machine 
language,  and  they  need  random  num¬ 
bers  as  well.  Thus  we  will  be  looking  at 
random  number  generator  programs  in 
general  and  two  in  particular  that  are  ef¬ 
fective  yet  simple  enough  to  program  in 
machine  language. 

Properties.  Although  there  is  a  variety 
of  methods  for  generating  random  num¬ 
bers,  several  traits  are  shared  by  all  of 


them.  The  most  distinctive  is  that  the 
subroutine  does  not  really  generate  ran¬ 
dom  numbers,  it  merely  transforms  an 
input  number  into  an  output  number. 
When  generating  a  string  of  numbers, 
the  previous  output  is  simply  fed  back 
into  the  generator  which  then  proceeds 
to  generate  a  new  output.  The  generator 
subroutine  itself  is  a  fixed  mathematical 
function  that  does  the  input-to-output 
transformation.  Although  the  output  is 
related  to  the  input  in  an  obscure  way,  it 
seems  to  be  completely  unrelated  to  it  in 
the  end  application. 

The  initial  input  used  when  the  gener¬ 
ator  is  started  is  called  the  seed  and  can 
usually  be  any  number  except  zero.  One 
consequence  of  the  input-to-output 
transformation  is  that  if  the  same  seed  is 
used  on  different  occasions,  the  se¬ 
quence  of  (pseudo)  random  numbers 
generated  will  be  exactly  the  same. 
While  this  may  not  seem  to  be  satisfac¬ 
tory  random  behavior,  it  does  have  ad¬ 
vantages.  For  example,  in  debugging  a 
program  that  utilizes  random  numbers,  it 
is  useful  to  be  able  to  recreate  known 
bugs  and  verify  the  effectiveness  of  cor¬ 
rections.  On  the  other  hand,  when  using 
a  game  program  you  want  to  be  sure 
that  the  seed  is  different  every  time  it  is 
run.  Forming  a  seed  from  the  date  and 
time  supplied  by  the  user  is  one  possibil¬ 
ity.  Another  is  scanning  through  all  of 
memory  and  forming  the  sum  of  what  is 
found  which  is  quite  effective  when  sem¬ 
iconductor  RAM  is  utilized  for  the  memo¬ 
ry  function. 

The  generator  transformation  function 


Wordlength 

TABLE  1— A  AND  B  VALUES  FOR 
LINEAR  CONGRUENTIAL  METHOD 

Sequence  length  A 

B 

8 

256 

77 

55 

12 

4096 

1485 

865 

16 

65536 

13709 

13849 

24 

16777216 

732573 

3545443 

32 

4294967296 

196314165 

907633515 
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MAIL  THIS  COUPON 
AND  WE'LL  SEND 
YOU  THE  BEST 


YOU  EVER  READ! 


speakers." 


No  kidding.  Speakerlab's  catalog  took  longer 
to  write  than  some  of  our  competitors  have 
been  in  business.  In  fact,  we  created  an  industry 
by  "building  great  kits  so  you  can  afford  great 
“  Our  catalog  is  an  invaluable 
manual  of  speaker  function 
sand  design.  And,  it  will 
introduce  you  to  the  finest 
speaker  kits  made 
anywhere. ..with  the 
strongest  money-back 
guarantee.  Find  out  for 
yourself... FREE.  FREE, 
that  is.  Mail  the  coupon  now. 


■  Dept.  I-PE,  735  N.  Northlake  Way 
Seattle.  WA  98103 


The  world  of 
electronics 
gee-wizardry 


32-pages  of  test  instruments —  from  the 
latest  digital  multimeters  to  the  famous 
EICO  scopes.  Security  systems.  Auto¬ 
motive  and  hobbyist  products.  Kits  and 
assembled.  EICO  quality.  EICO  value. 
For  FREE  catalog,  check  reader  service 
card  or  send  75C  for  first  class  mail. 


108  New  South  Road 
Hicksville,  N,Y.  11801 


J 
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SAVE! 

MONEY  •  TIME  •  FREIGHT 

^  QUALITY  STEREO  EQUIPMENT 
P  AT  LOWEST  PRICES. 

L'  YOUR  REQUEST  FOR  QUOTA- 
P  TION  RETURNED  SAME  DAY. 

L.  FACTORY  SEALED  CARTONS — 
P  GUARANTEED  AND  INSURED. 

^  SAVE  ON  NAME  BRANDS  LIKE: 

PIONEER  SANSUI 

KENWOOD  DYNACO 

SHURE  SONY 


MARANTZ 


KOSS 


AND  MORE  THAN  50  OTHERS 
BUY  THE  MODERN  WAY 
BY  MAIL  — FROM 

IQ 

ilhnoi/  audio 

12  East  Delaware 
Chicago,  Illinois  60611 
^  312-664-0020 

CIRCLE  NO.  24  ON  FREE  INFORMATION  CARD 


SEE  YOUR  DEALER  TODAY 
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almost  always  uses  integer  arithmetic 
and  the  function  is  carefully  chosen  ac¬ 
cording  to  the  word  size  of  the  computer. 
Since  the  output  numbers  are  also  inte¬ 
gers  with  a  finite  number  of  bits,  it  is  ob¬ 
vious  that,  at  some  point  in  the  se¬ 
quence,  the  seed  will  pop  up  again. 
From  this  point  forward  the  sequence  re¬ 
peats  itself. 

An  efficient  random  number  generator 
will  generate  ail  or  nearly  all  of  the  2n  dif¬ 
ferent  numbers  that  can  be  represented 
by  an  n-bit  word  before  repeating.  Thus 
in  a  16-bit  computer,  about  65,000  ran¬ 
dom  numbers  can  be  generated  with 
single  precision  arithmetic  before  re¬ 
peating. 

The  numbers  produced  by  the  gener¬ 
ator  are  constrained  to  be  within  a  cer¬ 
tain  range .  The  RND  function  in  BASIC 
for  .example  usually  generates  fractional 
numbers  in  the  range  of  0  to,  but  not  in¬ 
cluding,  +1.0.  The  machine  language 
routines  to  be  described  generate  un¬ 
signed  integer  numbers  between  0  and 
2n-1.  In  either  case,  the  range  of  the 
numbers  is  easily  changed  by  multiply¬ 
ing  and  adding  constants  to  them. 

The  random  numbers  themselves  are 
uniformly  distributed.  This  is  a  statistical 
term  that  means  that  all  of  the  possible 
numbers  in  the  allowable  range  are 
equally  likely  to  occur.  Some  applica¬ 
tions  require  normally  distributed  num¬ 
bers  where  those  near  the  middle  of  the 
range  are  more  likely  than  those  toward 
either  extreme.  This  kind  of  distribution 
is  most  useful  in  simulating  natural 
quantities  such  as  the  weight  of  a  ran¬ 
domly  chosen  ripe  apple.  A  true  normal 
distribution  can  be  closely  approximated 
by  adding  up  12  uniform  random  num¬ 
bers  (range  assumed  to  be  between  0 
and  1.0),  and  subtracting  6.0  from  the 
sum.  The  mean  (most  likely  value)  of  the 
normal  distribution  will  then  be  zero  and 
the  standard  deviation  (a  measure  of 
how  concentrated  the  numbers  are 
around  the  mean)  will  be  1 .0. 

Methods.  One  of  the  most  popular 
random  number  algorithms  is  called  the 
linear  congruential  method.  The  trans¬ 
formation  equation  is:  (new  number)- 
[A  x  (old  number) +B]  MOD  M  where  A 
and  B  are  carefully  chosen  constants. 
Unsigned  integer  arithmetic  is  assumed 
when  performing  the  multiplication  by  A 
and  addition  of  B.  The  MOD  function 
means  to  divide  by  M  and  keep  just  the 
remainder.  If  M-1  is  the  largest  possible 
unsigned  integer  for  the  computer’s 
wordlength,  then  the  MOD  function  is 
automatically  performed  by  ignoring 
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THE  ONE-STOP  MUSIC 
SHOP  AT  WHOLESALE  PRICES 


BLANK  TAPES 


CASSETTE  TAPES 


Amp..  C 
BASF  St. 


0  .  $2.14 


H  or  III  C  M . 

nil  UDC-60 . 

ml  UO  C-M . 

mi  UDXL  I  or  II  C-60  .  . 
ml  UDXL  I  or  II  C-M  . 


m 


0.47 


C-M  /  3  «* . .  MJtfw  3 

Stott*  MM.  I  C-M - -  .tut 

Stott*  II  or  Ml  C-M  .  S3 -29 

Sony  FvrkArom.  C-M  ....  S3.M 

TDK  DC-80.  . . tl.20 

TDK  DC-M . *1.68 

TDK  DC-120 . *2.10 

TDK  DC-1B0 . S2.M 

TDK  AD  C-60  . . *1.79 

TDK  AD  C-90  . . $2.52 

TDK  &AC-60.  . . 652 

TDK  SA  C-M . *3.16 


REEL  TO  REEL 

Marni  UD  36-90  1600  h.  .  . 

Mm*  UDXL  36MB  1800  ft  *6.75 
M»mi  UD  36-180  3600  M. 

110*“) . *15-30 

Stott*  212  1800  ft. - $4.36 

Scott*  207  1800  ft . fa.  16 

TDK  L  1600  1800  ft. . 86-22 

VIDEO  TAPES 

BETA  FORMAT 

Sony  L-750  (3  Hour) -  *18-96 

Sony  L-500  (2  Hour) -  *13.95 

Scotch  L-500  (2  Hour)  , .  *1350 

Z»n*h  L-500  (2  Hour)  ..  $13.95 

Ampoi  L-500  (2  Hour)  . .  *12.95 

W5  FORMAT 

JVC T-120 (4 Hour)  .....  *18.75 

TDK  T-120  (4  Hour] .  *19  JO 

Full  T-120  (4  Hour) .  *17.95 

RCA  VK-2&  (4  Hour) . . .  *18.95 

RCA  VK-m^2Hour)  ...  *14.95 


*18.96 


(4  Hour) .. 
PartMonlc  NVT-60 
(2  Hour).. 


Minimum  Order  12  Tapes  —  100%  Guaranteed. 


CARTRDGES 

aucfio-tachnica 


AT-20SLA 
AT- 15  SA 
AT  USA 
AT- 12  SA 
AMO 


MIS 

M1EH-S 

UIEEE 

MOEE 

500t 


20002 

2000T 

2000EMI 

400001 


S1 19  00 
MS  90 
$46  » 

34  90 
*12  00 

*72  50 
*55  00 
*42  50 
*24  90 
*12  60 


*59  90 
*31  50 
*19  50 
*29  90 


V15  TYP6  IV  *69  90 

V15  TYPE  III  . .  *64  95 

M95ED  .  *29  75 

M91ED  *21  00 

M44E  -  *13  60 


M70EJ 


*9  90 


(^nCKDMNG 

XSV/3000  ...  *49  95 

XVI V 12006  ...  *39  95 

XV1V7S0E  ,  .  *32  50 

XV1S/625E  .  ..  *25  77 

XV15/4006 _ *2245 


E3 

KOSS  *  $ 


HCM4 

HD-400 

HD-414 

HD-424 


*39  90 
*48  00 
.  *29  97 

V  *35  97 
'  *19.97 


HOW  TO  ORDER:  For  thipnwnt  within  48  hour*,  tend  money 
order  or  certified  check.  Two  week*  dWe y  on  pertonel  check t. 
Pteeee  edd  *3.50  per  order  for  (hipping  &  handling.  1*5.50  for 
ordert  otrtwde  U.S.).  N.Y.S.  rewdenti  add  tax.  No  C.O.D.'t. 

All  merchendhe  100%  gtwranteed,  brand  new  A  factory  frath. 

33  PARK  ROW,  DEPT.  PE,  NEW  YORK,  N.Y.  10038 

CALL  TOLL  FREE  (800)  221-8180 


CALL  OR  WRITE  FOR  FREE  CATALOG 


CIRCLE  NO.  28  ON  FREE  INFORMATION  CARD 


SOLDER  CREAM 

the  new,  quick,  easier  way  to  solder 

You  can  now  apply  solder  with  just  the 
squeeze  of  a  tube.  The  solder  is  in  a  paste 
form,  premixed  with  just  the  right  ratio  of 
flux.  Its  tacky  consistency  “holds” 
components  temporarily 
prior  to  heating. 

Available  in 
3  alloys  to 
meet  most 
applications. 

Electronic/Electrical:  A  60/40  alloy  with 
non-corrosive  rosin  flux  for  all  types  of  wiring. 
Plumbing  &  Sheet  Metal:  For  most  metal 
joining  applications  except  aluminum. 

Stainless  Steel  &  Silver  Jewelry:  A  tin/silver 
alloy  with  special  flux;  contains  no  lead.  Blends  in 
so  well,  you  can  hardly  tell  where  its  been  used. 

ORDER  NOW  only  *7. 50  for  all  3 

PLUS  Bonus  Pak  of  Emergency  Solder 

A  flat  tape-like  solder  that  melts  with  a  match. 

Ideal  for  most  on-the-spot  emergency  repairs. 
MULTICORE  SOLDERS 
DEPT.  A,  WESTBURY,  N.Y.  11590 
□  Send  me  all  3  solder  cream  alloys  at  the  special 
price  of  $7.50  and  include  my  bonus  Emergency 
Solder 


NAME 


ADDRESS  _ 

CITY/STATE/ZIP  _ 

Price  includes  shipping  and  handling.  Send  Check  or 
Money  Order.  N.Y.  State  residents  add  approp.  sales  tax. 

ERSIH 


SOLDERS  ■  I 

CIRCLE  NO.  57  ON  FREE  INFORMATION  CARD 


INCLUDES  VIDEO 
•  INTERFACE 


At  Featured w  POPULAR  ELECTRONICS 


jf  Now  Available  •  Text  Editor,  Assembler  &  Disassembler! 

^  r  ri  r  ii  Featuring  the  1 802 

RCA  COSMAC 


mic  roprocessor/mini- 


COMPUTER  39* 


Now  available!  Text  Editor,  Assembler.  Disassembler  and  a  new  Video 


overflow  when  the  other  operations  are 
performed;  no  actual  division  is  neces¬ 
sary}  Thus  if  the  wordlength  is  16  bits 
(one  can  combine  several  bytes  to  make 
any  wordlength  desired),  multiplication 
by  A  can  be  performed  with  an  integer 
multiply  subroutine  (see  "Computer 
Bits”  for  Sept.  1978).  Only  the  lower  half 
of  the  product,  which  will  almost  surely 
overflow  16  bits,  is  added  to  B  and  the 
lower  16  bits  of  the  sum,  which  may  also 
overflow,  is  stored  as  the  new  random 
output. 

Choosing  A  and  B  is  tricky  but  the  pro¬ 
per  choice  will  insure  that  all  2n  (where  n 
is  the  wordlength)  possible  numbers  will 
be  generated  once  before  the  sequence 
repeats.  By  using  a  wordlength  of  32 
bits,  over  4  billion  numbers  can  be  gen¬ 
erated  before  repeating.  This  is  over  a 
month  running  time  at  1,000  numbers 
per  second!  If  A  and  B  meet  the  follow¬ 
ing  requirements  then  not  only  will  the 
sequence  length  be  the  maximum,  but  it 
will  almost  certainly  be  random  enough 
for  all  but  the  most  sophisticated  ap¬ 
plications. 

1 .  A  MOD  8  must  be  equal  to  5. 

2.  A  should  be  larger  than  VM  but 
smaller  than  M-VM. 

3.  A,  when  expressed  in  binary, 
should  have  a  “random  looking"  bit  pat¬ 
tern. 

4.  C  should  be  an  odd  number. 

5.  C/M  should  be  approximately 
equal  to  .21 132. 

Suitable  values  of  A  and  B  for  some 
common  wordlengths  are  in  Table  I. 

One  drawback  of  this  type  of  genera¬ 
tor,  besides  requiring  a  multiplication  to 
perform,  is  that  the  least  significant  few 
bits  of  the  numbers  are  not  very  random. 
Thus  if  random  bits  are  necessary,  the 
most  significant  bits  should  be  used. 

Another  type  of  random  number  gen¬ 
erator  that  is  extremely  efficient  in  ma¬ 
chine  language  is  based  on  simulating  a 
feedback  shift  register  in  software.  The 
only  arithmetic  operations  needed  are 
shifts  and  exclusive-ORs;  no  multiplica¬ 
tion  is  required.  Like  the  previous  meth¬ 
od,  it  is  tied  to  the  computer’s  word- 
length  but  with  multiple  precision  opera¬ 
tions,  any  wordlength  can  be  used.  The 
procedure  to  generate  a  new  number 
from  an  old  one  is  as  follows: 

1 .  Shift  the  number  left  one  bit  position 
bringing  in  a  zero  on  the  right  end  and 
putting  the  overflow  bit  into  the  carry 
flag. 

2.  If  the  carry  flag  is  off,  the  process  is 
complete. 

3.  If  the  carry  flag  is  on,  flip  selected 
bits  in  the  shifted  number.  This  may  be 


Display  Board! 

The  TEXT  EDITOR  gives  you  word  processing  ability  and  the  ability  to  edit 
assembly  language  programs  while  they  are  displayed  on  your  video  monitor. 
Lines  and  characters  may  be  quickly  inserted,  deleted  or  changed.  Add  a  printer 
and  ELF  II  can  type  letters  for  you-error  tree— plus  insert  names  and  addresses 
from  your  mailing  list! 

ELF  ll's  ASSEMBLER  translates  assembly  language  programs  into  hexidecimal 
machine  code  for  ELF  II  use.  The  Assembler  features  mnemonic  abbreviations 
rather  than  numerics  so  that  the  instructions  on  your  programs  are  easier  to 
read -this  is  a  big  help  in  catching  errors. 

ELF  ll's  DISASSEMBLER  takes  machine  code  programs  and  produces  assembly 
language  source  lislrngs.  This  helps  you  understand  the  programs  you  are 
working  with  and  improve  them  when  required. 

The  new  ELF  II  Video  Display  Board  lets  you  generate  a  sharp,  professional  32 
or  64  character  by  16  line  upper  and  lower  case  display  on  your  tv  screen  or 
video  monitor-dramatically  improving  your  unexpanded  $99.95  ELF  11.  When  you 
gel  into  longer  programs,  the  Video  Oisplay  Board  is  a  real  blessing) 

Get  Your  Hands  On  A  Computer  That 
Grows  As  Fast  As  Your  Own  Understanding! 

Slop  reading  about  computers  and  gel  your  hands  on  one'  With  ELF  II  and  our 
new  Short  Course  On  Microprocessor  b  Computer  Programming,  by-  tom 
Pittman,  you  can  master  computers  in  no  time  at  all!  ELF  II  can  execute  all  91 
RCA  1902  commands.  The  Short  Course  quickly  teaches  you  how  to  use  each  of 
these  capabilities. 

ELF  ll's  $99.95  price  includes  video  output -so  you  can  display  alphanumerics 
and  graphics  on  your  Iv  screen  or  video  monitor  You  can  also  enjoy  video  games 
including  a  fascinating  new  targetfmissife  gun  game  that  was  developed  speci 
lically  for  ELF  If. 

But  games  are  only  the  icing  on  the  cake.  ELF  II  is  a  small  but  powerful 
computer.  It  gives  you  a  highly  elfective  learning  tool  tor  only  $99.95 -then 
expands  as  your  understanding  of  computers  grows. 

If  you  want  power  to  solve  real  world  problems,  ELF  II  has  a  lot  more  to  otter 
than  "famous  name"  computers  selling  for  many  times  ELF  ll’s  low  price.  ELF  II 
add  ons  are  among  the  most  sophisticated  on  the  market  today  .  .at  any  price! 
No  wonder  IEEE  chapters  plus  hundreds  of  universities  and  major  corporations 
now  use  ELF  II  to  introduce  students  and  employees  to  microprocessor 
computing. 

Start  working  with  the  incredibly  versitile  and  fool  proof  ELF  II  and  you’ll 
understand  why! 

More  Powerful  Than  Your  College  Degree! 

A  knowledge  ol  computers  may  soon  be  more  important  to  your  earning  power 
than  a  college  degree.  It  doesn’t  matter  whether  you're  a  scientist,  engineer, 
businessman  or  professional.  Understand  computers  and  you  can  command 
MONEY! 

Master  This  Computer  In  A  Flash! 

Regardless  of  how  minimal  your  computer  background  is  now,  you  can  learn  to 
program  an  ELF  II  in  almost  no  time  at  all.  Our  Short  Course  On  Microprocessor 
b  Computer  Programming  was  written  in  non  technical  language  and  it  leads 
you  through  each  of  the  RCA  COSMAC  1  B02  s  capabilities,  so  you’ll  understand 
everything  ELF  II  can  do. .  and  how  to  get  ELF  U  to  do  it 1  Don’t  worry  if  you've 
been  stumped  by  computer  books  before.  The  Short  Course  represents  a  major 
advance  in  literary  clarity  in  the  computer  field.  You  don't  have  to  be  a  computer 
engineer  in  order  to  understand  it. 

Keyed  to  ELF  II,  it’s  loaded  with  "hands  on"  illustrations.  When  you’re  finished 
with  the  Short  Course j,  neither  ELF  II  nor  the  RCA  1802  cpu  will  hold  any  mys 
(eries  for  you. 

tn  fact,  not  only  will  you  be  able  to  use  a  personal  computer  creatively,  you'll 
also  be  able  to  read  magazines  such  as  BYTE  .INTERFACE  AGE  .POPULAR 


ELECTRONICS  and  PERSONAL  COMPUTING  and  understand  the  abides. 

If  you  work  with  large  computers,  ELF  II  and  our  Short  Course  will  help  you  to 
understand  what  makes  them  tick. 

Get  Started  For  Just  $99.95.  Complete! 

ELF  II  was  developed  as  a  trainer  for  engineers,  hobbiests,  technicians  and 
students.  Yet  it  offers  advanced  features  not  yet  available  elsewhere  at  any 
price. 

With  ELF  II,  you  learn  to  use  machine  language,  the  fundamental  language  ol 
all  computers.  (Higher  level  languages  such  as  FORtRAN  and  BASIC  must  be 
translated  into  machine  language  before  a  computer  can  understand  them.)  With 
ELF  II  you  Uliild  a  solid  foundation  in  computers  so  you'll  really  know  what 
you're  doing. 

For  $99.95  your  ELF  II  also  includes  video  output  and  you  can  connect  it 
directly  to  the  video  input  of  your  tv  set  without  additional  hardware.  Or,  with 
an  $8.95  RF  modulator,  you  can  connect  ELF  II  to  your  tv’s  antenna  terminals 
instead. 

ELF  ll’s  5  card  expansion  bus  (connectors  not  included)  lets  you  expand  ELF  II 
as  your  needs  grow.  If  you're  an  engineer  or  hobbies!,  you  can  also  use  ELF  II  as 
a  counter,  alarm,  lock,  thermostat,  timer,  telephone  dialer  or  (or  countless  other 
applications. 

ELF  II  Expands  Into  A  Giant! 

Dnce  you've  mastered  computer  fundamentals,  ELF  II  can  give  you  more  power 
to  make  things  happen  in  the  real  world  than  famous  name  computers  that 
would  cost  you  a  lot  more  money!  Thanks  to  the  ongoing  RCA  1BD2  research 
and  development  by  Netronics.  ELF  II  can  now  be  expanded  with  some  o!  the 
mast  technically  advanced  small  computer  add-ons  on  the  market. 

Plug  in  the  GIANT  BOARD™  to  record  and  play  back  programs,  edjt  and 
debug  progfams,  communicate  with  remote  devices  and  make  things  happen  in 
the  outside  World.  Add  Kluge  Board  and  you  cqn  use  ELF  II  to  solve  special 
problems  such  as  operating  a  more  complex  alarm  system  or  controlling  a 
printing  press.  Add  4k  RAM  Boards  to  write  longer  programs,  store  more 
information  and  solve  more  sophisticated  problems. 

Expanded.  ELF  II  is  perfect  for  engineering,  business,  industrial.  Scientific  and 
personal  applications.  No  other  small  computer  is  backed  by  such  an  advanced 
research  and  development  progfam! 

ELF  II  add  ons  already  include  Ihe  ELF  II  Light  Pen  and  the  amazing  ELF 
Bug™  Monitor-two  extremely  recent  breakthroughs  that  have  not  yet  been 
duplicated  by  any  other  manufacturer. 

The  ELF  BUG™  Monitor  lets  you  debug  programs  with  tightening  speed  be 
cause  the  key  to  debugging  is  to  know  what's  inside  Ihe  registers  ol  the  micro 
processor.  And,  with  the  ELF-BUG™  Monitor,  instead  ol  single  stepping  through 
your  program,  you  can  now  display  the  entire  contents  ol  the  registers  on  your 
tv  screen.  You  find  out  immediately  what's  going  on  and  can  make  any  neces 
sary  changes. 

The  incredible  ELF  II  Light  Peji  lets  yoii  write  or  draw  anything  you  want  on  a 
tv  scieen  with  just  a  wave  of  Ihe  "magic  wand."  Netronics  has  also  introduced 
the  ELF  II  Color  Graphics  ft  Music  System-more  breakthroughs  that  ELF  II 
owners  were  the  first  to  en|oyl 
ELF  II  Tiny  BASIC 

Like  all  computqrs,  ELF  II  understands  only  machine  language-the  language 
computers  use  io  talk  to  each  other.  But,  to  make  life  easier  lor  you.  we’ve 
developed  an  ELF  II  Tiny  BASIC  that  lets  you  ialk  with  ELF  II  in  simple  words 
that  can  by  typed  out  on  a  keyboard  such  as  PRINT,  RUN  and  LOAD. 

Ask  Not  What  Your  Computer  Can  Do. . . 

But  WHAT  CAN  IT  DO  FOR  YOU? 

Don't  be  trapped  into  buying  an  expensive  dinosaur,  simply  becapse  you  can 
afford  it.  ELF  II  is  more  advanced  and  more  fun  to  use  than  big  name  computers 
that  cost  a  lot  more  money.  W;th  ELF  II  you  learn  to  write  and  run  your  own 
programs.  You’re  not  just  a  keypunch  operator.  No  matter  what  your  particular 
interests  are,  ELF  II  is  the  fastest  way  to  get  into  computers.  Order  from  the 
coupon  below! 


Netronics  R&D  Ltd.,  Dept  PE-3 
333  Litchfield  Road,  New  Milford,  CT  06776  j 
Yes!  I  want  my  own  computer!  Please  rush  me— 


PHONE  ORDERS  ACCEPTED! 
Call  (203)354-9375 

□  RCA  COSMAC  ELF  II  language,  it's  A  learning  breakthrough  tor  engineers  and  laymen 

_  Kit  at  $99  95  plus  $3  postage  and  alike  Sb  postpaid  Total  Enclosed  $ _  _ 

fontfrng  (requires  B  3  to  8  volt  AC  power  □  Meta)  Cabinet  with  plexiglas  dust  cover  for  ELF  II.  (Conn,  res  add  tax) 

S29  95  plus  $2  50  p&h 

□  Power  Supply  (required).  $4  95  postpaid  □  I  am  also  enclosing  payment  (including  postage  &  handling)  tor  CHARI GE  IT .  Ex p.  Date  - 

□  RCA  1802  User  s  Manual.  $5  postpaid  the  items  checked  below!  u  v,sa  u  Masler  CMr9e 

□  Tom  Pitiman  s  Short  Course  On  Microprocestbr  &  Computer  □  t  want  my  ELF  II  wired  and  tested  with  power  supply,  RCA  (Bank! - ) 

Programming  teaches  you  |ust  aboul  everything  there  is  to  know  1802  User's  Manual  and  Short  Course— all  lor  just  $149.95  plus 


about  ELF  il  or  any  RCA  18D2  computer  Written  in  non  technical  $3  p&h. 
ALSO  AVAILABLE  FOR  ELF  II  ■ - 


Account  ff  _ 


I  □  GIANT  BOABO™  kit  wilh  cassette  I/O.  RS  232 
I  C/ITy  I/O.  8-bit  P  t/0.  decoders  tor  14  separate  1/0 
instructions  and  a  system  moniior/editor  $39.95  plus 
I  S2  p&h 

I  □  Kluge  (Prototype)  Board  accepts  up  to  36  1C  s 
$17  00  plus  St  p&h 

ID  4k  Static  RAM  kit.  Addressable  10  any  4k  page  to 
64k  $89.95  [Dus  S3  P&h 

□  Gold  plated  86-pin  connectors  (one  required  for  each 
plug  in  board)  $5.70  ea  .  postpaid 

ID  Expansion  Power  Supply  (required  when  adding  4  k 
RAM)  $34  95  plus  S2  p&h 

□  Professional  ASCII  Keyboard  kit  with  128  ASCII 
upper /tower  case  set.  96  printable  characters  onboard 

I  regulator  parity,  logic  selection  and  choice  ol  4  hand¬ 
shaking  sionals  to  mate  with  almost  any  computer 
$64.95  plus  $2  p&h 

■  □  Deluxe  metal  cabinet  tor  ASCII  Keyboard.  $19.95 

|  plus  S2  50  p&h 

□  Video  Oisptiy  Board  kit  lets  you  generate  a  sharp. 

Iprotessionat  32  or  64  character  by  16  tine  upper  and 
lower  case  display  on  your  tv  screen  or  video  monitor— 
dramatically  improving  yout  unexpanded  $99  95  ELF  II 
(Fits  msidc  ASCII  Keyboard  cabinet  )  $89.95 
plus  S2  p&h 

□  ELF  II  Tiny  BASIC  on  cassette  tape  Ccm- 
mantis  mc!ude  SAVE.  LOAD-.  ±  x  4-  (). 


26  variables  A-Z.  LET.  IF/THEN.  INPUT,  PRINT.  GO  TO. 
GO  SUB.  RETURN.  END.  REM.  CLEAR.  LtST.  RUN. 
PLOT.  PEEK.  POKE  Comes  fully  documented  and  in¬ 
cludes  alphanumeric  generator  required  to  display 
alphanumeric  characters  directly  on  your  tv  screen  with¬ 
out  additional  hardware  Also  plays  tick-lack-toe  plus  a 
drawing  game  that  uses  ELF  ll's  hex  keyboard  as  a  |Oy 
stick  4k  memory  required  $14.95  postpaid. 

□  Tom  Pittman  s  Short  Course  on  Tiny  Basic  for  ELF  ti. 
$5  postpaid. 

□  ELF-BUG™  Deluxe  System  Monitor  on  cassette 
tape  Allows  displaying  ihe  contents  ot  all  registers  on 
your  tv  at  any  poml  in  your  program,  Also  displays  24 
bytes  ot  memory  wilh  lull  addresses,  blinking  cursor 
and  aulo  scrolling.  A  must  lor  the  serious  programmer1 
$14.95  postpaid 

□  Text  Editor  on  cassette  tape  gives  you  the  ability  to 
insert  delete  or  edit  lines  and  words  trom  your  programs 
while  they  are  displayed  on  your  video  monitor  (Add 
primer  and  you  can  use  ELF  II  to  type  error-tree  letters 
plus  insert  names  and  addresses  Irom  your  mailing  list ) 
$19.95  postpaid 

□  Assembler  on  cassette  tape  translates  assembly 
language  programs  into  hexidecimal  machine  code  tor 
ELF  II  use  Mnemonic  abbreviations  lor  instructions 
(rather  than  numerics)  make  programs  easier  to  read 
and  help  prevent  errors  $19.95  postpaid 

□  Disassembler  on  cassette  tape  takes  machine  code 


programs  and  produces  assembly  language  source  list¬ 
ings  to  help  you  understand  and  improve  your  programs 
$19.95  on  cassette  tape 

SAVE  $9.90— Text  Editor.  Assembler  &  Disassembler 
purchased  together,  only  $49.95!  (Require  Video  Dis¬ 
play  Board  plus  4k  memoiy  ) 

□  ELF  II  Light  Pen.  assembled  &  tested.  $7.95  plus  Si 
p&h 

□  ELF  II  Color  Graphics  &  Music  System  Board  kit. 
$49.95  plus  $2  p&h 

□  ELF  II  connects  directly  to  the  video  input  ot  your  tv 
set  without  additional  hardware  To  connecl  ELF  II  to 
your  antenna  terminals  instead,  order  RF  Modulator. 
$8.95  postpaid 

Coming  Soon;  A-D.  D  A  Converter.  Controller  Board 
and  more1 
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A  P  Terminal  and 
Distribution  Strips  are 
ideal  building  blocks 
for  your  breadboarding. 

Now  you  can  put  together  as  sim¬ 
ple  or  as  elaborate  a  breadboard 
as  you  want— and  be  sure  of  top 
quality  all  the  way— and  pay  only 
for  what  you  need.  Using  A  P  Termi¬ 
nal  and  Distribution  Strips  as  mod- 


each  hole.  You  complete  your  cir¬ 
cuits  with  ordinary  solid  wire  jump¬ 
ers— you  don't  need  special  patch 
cords.  Terminals  clip  tight,  make  su¬ 
perb  contact  time  afler  time.  (They're 
noncorrosive  copper  alloy  770.) 

These  versatile  building  blocks 
come  In  a  wide  variety  ot  shapes 
and  sizes,  and  we  Include  hardware 
and  mounting  templates  with  each 
strip.  You  get  all  the  flexibility  in 


ules  is  the  world's  most  economical 
way  to  assemble  full-performance 
sofderfess  breadboards. 

You  know  how  our  strips  work.  Your 
electronic  components  plug  right 
into  the  spring  clip  terminals  behind 


the  world. 

Where?  At  your  nearby  A  P  Prod¬ 
ucts  dealer  Need  the  address? 
Phone  (toll-free)  800-321-9668.  And 
ask  for  the  complete  A  P  catalog, 
The  Faster  and  Easier  Book, 


AP  PRODUCTS 
INCORPORATED 

Box  110  A*  72  Corwin  Drive 
Painesville,  Ohio  44D77 
Tel.  216/354-2101 
TWX:  B10-425-2250 

Faster  and  Easier  is  what  we're  all  about. 


accomplished  by  exdusive-ORing  a 
mask  word  with  the  shifted  number.  The 
process  is  now  complete. 

Thus  the  key  to  this  generator  is  to 
find  a  suitable  mask.  It  is  highly  desir¬ 
able  to  use  a  mask  that  gives  a  max¬ 
imum  length  sequence  which  In  this 
case  is  2n-1  since  zero  transforms  into  it¬ 
self.  If  such  a  mask  is  not  used,  some 
seeds  may  produce  very  short  se¬ 
quences,  even  for  long  words.  The  best 
wav  to  find  a  suitable  mask  is  to  write  a 
simple  program  that  actually  counts  the 
number  of  iterations  necessary  before 
an  initial  seed  of  0001  is  returned.  Suit¬ 
able  masks  for  several  popular  word- 
lengths  are  given  in  Table  II. 

The  numbers  produced  by  this  gener¬ 
ator  are  not  as  good  as  with  the  first  gen¬ 
erator  but  the  individual  bits  produced 
are  highly  random.  The  results  are  more 
than  adequate  however  for  games  and 
white  noise  generation  and  one  could 
hardly  ask  for  a  simpler  procedure.  The 


TABLE  II— MASK  WORDS  FOR 
FEEDBACK 

SHIFT  REGISTER  METHOD 


Wordtength 

Sequence 

length 

Mask 

8 

255 

ID 

12 

4095 

1D9 

16 

65535 

1 D87 

24 

16777215 

1DB72& 

32 

4294967295 

1 D872B41 

performance  as  a  number  generator 
may  be  improved  by  iterating  it  several 
times  (such  as  N+3  where  N  is  the 
wordlength)  to  get  each  number. 

Testing.  In  any  critical  application  it  is 
necessary  to  test  a  homebrew  random 
number  generator  before  using  it  exten¬ 
sively,  Even  the  RND  function  in  BASIC 
is  much  better  in  some  versions  than 
others.  While  proper  testing  is  a  com¬ 
plex  mathematical  subject,  one  thing  is 
definite:  visually  looking  at  a  printout  of  a 
few  numbers  in  the  sequence  is  not  a 
very  reliable  test.  In  fact,  the  "eyeball 
test"  would  probably  flunk  even  the  best 
generators  because  people  tend  to  see 
patterns  in  small  collections  of  things 
and  any  such  patterns  are  not  "sup¬ 
posed '  to  happen  in  a  random  se¬ 
quence.  One  reasonably  good  visual 
test  however  is  to  generate  a  string  of 
random  bits  and  then  fill  the  screen  of  a 
bit-mapped  graphic  display  interface 
with  them.  Any  visible  regularity  that 
covers  a  significant  portion  of  the  screen 
is  probably  a  clue  to  a  poor  random 
number  generator.  O 
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Soft 


ware 
Sources— 


8080/6800  File  Management. 

"Now  what  was  the  name  of  that  good  French 
restaurant  in  Chicago?"  If  you  filed  it  once, 
DATA  FILE  can  find  it.  The  program  re¬ 
sponds  to  any  information  you  can  recall 
about  the  contents  of  a  file  by  displaying  the 
rest  of  the  file.  It  can,  for  example,  remind  you 
who  belongs  to  all  those  long-distance  num¬ 
bers  on  your  phone  bill.  The  program  is  avail¬ 
able  for  6800  or  8080  systems,  and  runs  in 
1 K,  using  remaining  RAM  for  storage.  Fea¬ 
tures  include  facilities  for  editing  and  updat¬ 
ing  files,  automatic  top-of-memory  check  en¬ 
suring  no  data  is  accidentally  lost,  and  con¬ 
tinuous  display  of  memory  addresses  for  sav¬ 
ing  all  data  on  tape  or  disk.  6800  versions  are 
available  as  a  listing  only,  or  with  either  K.C. 
cassette  or  SWTP  disk,  all  starting  at  0110 
Hex.  8080  versions  are  available  as  listing 
only,  with  Tarbell  or  National  Multiplex  CC-7 
or  CC-8  cassette  (specify)  or  Intel-format  pa¬ 
per  tape,  or  on  North  Star  disk;  starting  ad¬ 
dress  may  be  0000,  2000  or  2A00  hex.  List¬ 
ings  are  $10,  listing  with  cassette  or  tape  $1 5, 
and  listings  with  disk,  $1 6.  Practical  Program¬ 
ming  Co.,  Box  2069,  North  Brunswick,  NJ 
08902. 

1802  Programming  Aids.  The  1802 
Programmer's  Notebook  includes:  information 
on  software  relocation  and  register-assign¬ 
ment  techniques,  timing  constants,  clock  cali¬ 
bration,  and  short  programs  for  time-of-day 
clock,  hex  frequency  counter,  hex  random 
number,  and  hex  addition  and  multiplication. 
$1.00  plus  self-addressed,  stamped  en¬ 
velope,  from  David  R.  Wright,  128  Campus 
Ave.,  Ames,  I A  50010. 


PILOT  for  TRS-80.  PILOT  is  a  language 
designed  for  computer-assisted  education, 
and  is  said  to  be  so  simple  that  even  6-year- 
olds  have  taught  themselves  to  program  in  it. 
In  this  TRS-80  form,  it  includes  PILOT  pro¬ 
gram  statements  and  commands  (including 
CLOAD,  CSAVE  and  line-printer  commands) 
plus  TRS-80  screen-clear  and  graphics  com¬ 
mands.  TRS-80  PILOT  requires  Level-ll,  4K 
or  16K.  $50.  Jeff  Lasman,  PRACTICAL  AP¬ 
PLICATIONS,  P.O.  Box  4139,  Foster  City, 
CA  94404. 


TRS-80  Word  Processor.The  Electric 
Pencil  word-processor  program  is  now  avail¬ 
able  for  the  Radio  Shack  TRS-80,  as  well  as 
an  optional  serial-printer  output  interface  with 


lower-case  and  control-key  modification  in¬ 
structions.  Written  in  machine  code,  not  BA¬ 
SIC,  for  faster  running,  it  will  load  into  either 
Level-1  or  Level-ll  TRS-80s  with  16K.  It  will 
operate  upper-case  only  in  unmodified  ma¬ 
chines,  or  upper/lower-case  with  the  modifi¬ 
cation  kit.  Printers  used  can  be  either  the  Ra¬ 
dio  Shack  printer  and  expansion  box,  or  any 
RS-232  printer  running  110-9600  baud,  with 
the  optional  interface.  Other  features  include 
2-key  rollover  and  repeat,  line  and  character 
insert/delete,  forward/reverse  scrolling, 
string  search  with  optional  replace,  block 
moves,  page  titling  and  numbering,  and  print 
formatting.  The  TRS-80  Electric  Pencil  is 


$100;  the  TRS-232  printer  output  interface 
with  instructions  only  for  lower-case  modifica¬ 
tion  (parts  will  be  available  later)  is  $40.  Small 
System  Software,  Box  483,  Newbury  Park, 
CA  91320. 

8080  Simulator  for  KIM-1 .  8080 
programs  can  be  run  on  a  6502-based  KIM-1 
with  this  program.  It  executes  the  entire  8080 
instruction  set  and  maintains  8080  registers 
for  convenient  examination  or  modification.  It 
runs  in  less  than  IK  of  memory,  and  can  be 
relocated  in  ROM  and  adapted  to  other  6502 
systems.  $19.50.  Dann  McCreary,  4758 
Mansfield  St.  #2P,  San  Diego,  CA  92116. 
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Advertisement 

CALIFORNIA 

NEW  YORK 

Omega  Microcomputers 

Byte  Shop  of  Long  Island 

Quality  Personal  —  Business  Systems 

The  Affordable  Computer  Store 

Apple  II  —  Alpha  Micro 

2721  Hempstead  Turnpike 

3535  Torrance  Blvd. 

2  Blocks  East  Of  Wantagh  Parkway 

Suite  10 

Levittown,  New  York  11756 

Torrance,  Ca  90503 

(516)  731-8116 

(213)  370-9456 

Byte  Shop  of  New  York 

Rainbow  Computing 

The  Affordable  Computer  Store 

Complete  Apple  II  Line 

130  East  40th  Street 

10723  White  Oak  Avenue 

New  York,  NY  10016 

Granado  Hills,  CA  91344 

(212)  889-4204 

(213)  360-2171 

Computer  Mart  of  New  York 

First  in  The  East 

COLORADO 

118  Madison  Avenue 

Amptec,  Inc. 

(30th  Street  Entrance) 

Send  For  Our  Catalog — 10%  Off 

New  York,  NY  10016 

5975  North  Broadway 

(212)  686-7923 

Denver,  CO  80216 

(303)  571-8033 

OHIO 

Byte  Shop 

Ohio  Microcomputer  Specialists 

Complete  Apple  II  Line 

Imsai  Personal  and  Business  Systems 

3464  South  Acoma  Street 

1265  Grandview  Avenue 

Englewood,  CO  80110 

Columbus,  OH  43212 

(303)  761-6232 

(614)  488-1849 

MARYLAND 

OKLAHOMA 

Computers  Unlimited,  Inc. 

Microlithics,  Inc. 

Tomorrow's  Technology  Today 

Medical  Systems- Differential  Diagnosis 

907  York  Road 

2918  MacArthur  Boulevard 

Towson,  MD  21204 

Oklahoma  City,  OK  73127 

(301)321-1553 

(405)  947-5646 

MICHIGAN 

PENNSYLVANIA 

The  Computer  Mart 

Personal  Computer  Corporation 

We  Will  Not  Be  Undersold 

OEM  Specialists 

1800  West  14  Mile  Road 

Frazer  Mall 

Royal  Oak,  Ml  48073 

Lancaster  Avenue  and  Route  352 

(313)  576-0900 

Frazer,  PA  19355 

(215)  647-8463 

United  Microsystems  Corporation 

The  Professional  Computer  Store 

2601  South  State  Street 

SOUTH  CAROLINA 

Ann  Arbor,  Ml  48104 

Byte  Shop  #32 

(313)  688-6806 

The  Affordable  Computer  Store 

1920  Blossom  Street 

NEW  JERSEY 

Columbia,  SC  29205 
(803)  771-7824 

Computer  Mart  of  New  Jersey 

The  Microcomputer  People  (tm) 

501  Route  27 

CANADA 

1  selin,  NJ  08830 

TJB  Microsystems,  LTD 

(201)  283-0600 

Your  Commodore  Pet  Headquarters 

10991-124th  Street 

Edmonton,  Alberta,  Canada 

T5M  0H9 

(403)  455-5298 

Dealers:  For  information  about  how  to  have  your  store  listed  in  THE  MICROCOMPUTER  MART, 

1  please  contact:  POPULAR  ELECTRONICS,  One  Park  Ave.,  New  York,  N.Y.  10016  •  (212)  725-3568. 
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NORTH 


HORIZON  1,  DOUBLE  DENSITY,  kit, 
list  $1599  01-3501-1  $1349 

t.KIOrv  rfSSCm  hsl  {  1893  01-45011  $1599 

HORIZON  2,  Double  Density,  Kit 
Lisl  $1990  01-3502  1  $1699 

Facloiy  assern  list  $2349  01-4502  1  $1939 


COMPLETE  MINIFLOPPY  DISK  k,i 

Double  dens,  l  v  $699  (order  01  7735  ll  $589 

Factory  assembled,  doLihle  density 

Lis]  ->799101  7745-11  $689 

TRS-80  OWNERS: 

Write  lor  catalog  on  specials, 

_ SAVE  10%~to  20%  I _ 

SORCERER 

COMPUTER  SYSTEM 


8K  RAM,  List  $895(37  mob  (it  $787 
16K  RAM,  List  $  1 150 137  5016  01 1012 
32K  RAM,  List  $  1395137  5032  oi  1232 


SHIPPING  Add  $  12  per  system  for  Sorcerer 

.am  i  floppy  disk  sysiems,  arid 


Write  for  free  cat  stag 

MiniMicroMart,  Inc. 

1 61 8  James  St.,  Syracuse  NY  1 3203 
(31 51  422-4467 
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John  Simon  ton’s  time  -  proven 
design  provides  two  envelope 
generators  VGA*  VCO&VCF  in 
a  low  cost,  easy  to  use  package . 

Use  alone  with  its  built-in  ribbon 
controller  or  modify  to  use  with  guitar, 
electronic  piano,  ptify tonic  keyboards,  etc. 

The  perfect  introduction  to  electronic 
music  and  best,  of  all,  the  Gnome  is  only 
$59-95  in  easy  to  assemble  kit  form.  Is  it 
'  any  wonder  why  wefve  sold  thousands? 


i  I  Send  GNOME  MICRO-  SYNTHESIZER  Kil 
I $59.95  plus  £2.00  potUagW 
i  )  GNOME  MICRO-SYNTHESIZER 

I  Fully  Aafi^mbledf  $100.00  plus  $2  postage 
1  )  Sand  FREE  CATALOG 


namft_ 
address 
city; _ . 
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1020  M.  WILSHJRE ,  DKLAIHMA  CITY,  OK  13110 
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PROJECT 

OF  THE 

MONTH 

BY  FORREST  M.  MIMS 

A  HIGH-RESOLUTION 
LED  DISPLAY 

A  thin,  high  “resolution,  two-dimensional 
display  with  X-Y  addressability  would  have 
many  applications  in  such  fields  as  televi¬ 
sion,  oscilloscopes,  electronic  games,  mi¬ 
cro-computer  displays  and  alphanumeric 
and  graphic  data  displays  for  pocket  cal¬ 
culators  and  data  loggers. 

Experimental  ft  at -screen  displays  have 
been  made  based  on  gaseous  discharge, 
elec IroNuoresce nee,  light -emitting  diodes 
and  liquid  crystal  lech  oologies.  The  liquid 
crystal  method  appears  to  otter  the  great¬ 
est  economy  and  certainly  Ihe  thinnest 
c on Ngu ration,  but  this  display  medium  can¬ 
not  yet  change  states  fast  enough  for  tele¬ 
vision  applicalions. 

The  technology  needed  to  build  large 
area  LED  displays  has  been  available  for  a 
decade,  but  the  high  cost  of  the  LEDs 
Ihemselves  and  the  addressing  circuits 
they  require  has  thus  far  restricted  Iheir 
use  to  military  and  laboratory  applications. 
Now  that  low-cost  visible  LEDs  are  avail¬ 
able,  you  can  assemble  a  16  x  10,  160- 
elemeni  LED  display  for  less  than  $20 — 
assuming  you  can  procure  Ihe  LEDs  for 
less  than  100  each. 

Figure  A  is  Ihe  circuit  diagram  of  the  ar¬ 
ray.  The  ten  330-ohm  resistors  limit  current 
to  the  LEDs,  providing  about  10  mA  to 
each  LED  if  a  5-volt  power  supply  is  used. 

The  exact  construction  method  em¬ 
ployed  in  the  assembly  of  Ihe  display  de¬ 
pends  on  the  lead  arrangement  of  the 
LEDs.  Figure  8  is  a  photograph  of  the  160- 
element  display  assembled  on  a  perforat¬ 
ed  board  with  0,1 -inch  hole  centers  and  a 
copper  solder  pad  at  most  holes  (Radio 
Shack  276-1551  or  similar), 

I  used  yellow  LEDs,  but  you  can  use  red 
or  green  LEDs  if  you  prefer.  I  also  painted 
the  LED  side  of  Ihe  board  black  before  in¬ 
stalling  the  LEDs  to  enhance  the  display's 
contrast.  The  current-limiting  resistors  can 
be  seen  near  the  lower  left  of  the  display. 

Although  Ihe  electrical  circuit  ol  Ihe  array 
is  very  simple,  its  construction  requires  a 
good  deal  of  patience.  First,  all  the  LEDs 
must  be  soldered  to  the  board.  That  alone 
requires  320  separate  solder  connections. 
Then  all  the  anodes  in  each  horizontal  row 
and  all  the  cathodes  in  each  vertical  col- 


TAPE 

DISCOUNTS 

Mfotmum  order  }  0  rapes 


I  maxell 


CASSETTES 

UOKL  1  qj  H  C  -  60 

2  99 

UDXL  1  Of  It  c  -90 

3  99 

LI  DC  60 

2  49 

U  DC-90 

7  99 

LNC-46 

i  29 

LNC-fiO 

t  49 

LNC-90 

2  39 

LNC-  1  20 

3  29 

H  -  TRACK 

ln  46  am 

1  99 

LN  60  0th 

2  29 

LN  90  0Cti 

2  69 

UD  46  Jrk 

2  39 

LID  90  01* 

2  99 

OPEN  REEL 

□035-90  1SOO  (T 

5  19 

□  D- 35  180  3000  *  10V 

15  99 

LN50  60  1 200  a  7 

4  59 

LN35-9G  1000  *  7 

4  99 

MEMOREX 

CASSETTES 

C-» 

2  19 

CSO  3  pit. 

□  for  5  49 

C  170 

4.50 

B- TRACK 

60  MIN  6  tk 

2  99 

90  "  firk  2pfc. 

2  lor  4  J9 

SPECIAL 

Soundguard  Flee  Did  Preserve  lion  Kil 

5.59  ea 

Soundguard  Beearcl  Preservation  Fteliii 

3.59  es 

Lifetime  Producl  Cunrjiniavl  Order  Now  l 

Order*  ubrpped  within  1-3  da^s-  Please  add  12,00 
for  shpg  5  bdlg  per  10  i.ipes  N.Y.5.  residents 
add salestax.  NO  CQO's _ FREE  CATALOG 
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BY  POPULAR 
DEMAND! 

MS-215  Dual  Trace 
Miniscope 


With  Rechargeable 
Batteries  &  Charger  Unit, 


$435 


•  15-megahertz  bandwidth. 

•  External  &  internal  trigger 

•  Auto  or  line  sync  modes. 

•  Power  usage  — <15  W. 

•  Battery  or  line  operation. 

•  2.9"Hx6.4"Wx8.0"  D. 


Non-Linear  Systems,  Inc. 

OrjijrJi^or  at  |A*  digital  rail  malax 
Bo*  ft,  Dai  Mjir,  Caltlomta  92014 
Til0p*ono  (7(4)  7SM134  TWt  910-332- J  J32 
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umn  must  be  connected  together  with  bus 
wires.  This  requires  320  additional  solder 
connections. 

The  resistors  and  output  connections  to 
the  board  s  copper  fingers  require  another 
72  solder  connections,  resulting  in  a  total 
of  712  solder  connections!  Don't  be  dis¬ 
couraged  though,  i  was  able  to  complete 
the  board  shown  in  Figure  B  in  less  than 
four  hours — and  that  Included  plenty  of 
short  breaks  to  relieve  eye  strain. 
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Fig,  lOx  16  160- 
demeni  LED  display , 


Fig.  13.  Prototype  160-ekmem 
fiat-screen  LED  array. 


o  o  o  o 


RHODE 


o  o  o  o 


Fig.  C.  Orientation  of 
individual  LED  in  array . 


The  following  tips  will  simplify  the  as¬ 
sembly  of  the  display  board: 

•  Select  LEDs  with  leads  parallel  to 
their  viewing  axis  and  make  sure  the  Eeeds 
fit  the  holes  in  the  board  you  select. 

•  Test  each  LED  before  it  is  soldered  in 
place.  You  can  make  a  temporary  test  jig 
from  a  6- volt  battery,  330 -ohm  resistor  and 
some  clip  leads. 

•  Install  one  column  of  ten  LEDs  at  a 
time.  Make  sure  the  diodes  are  oriented  as 
shown  in  Figure  C,  The  cathode  lead  is 
usually  indicated  by  a  notch  or  flat  area  In 
the  epoxy  encapsulant. 

•  Bend  the  leads  of  each  LED  outward 
slightly  on  the  back  side  of  the  board.  Turn 
the  board  over  and  place  It  on  two  supports 
so  the  LEDs  hang  from  their  leads, 

•  Use  a  low- watt  age  iron  and  small- 
diameter  solder  to  solder  one  lead  of  each 
LED  to  its  copper  foil  pad.  Turn  the  board 
over  and  make  sure  the  LEDs  are  aligned 


Fig ♦  D.  Roto  and  column  buses 
are  soldered  to  LED  leads 
on  back  of  board , 


properly.  Then  solder  the  remaining  leads. 

Follow  these  steps  to  solder  alt  sixteen 
columns.  Be  sure  to  keep  the  LEDs  per¬ 
fectly  aligned  for  best  results.  If  you  have 
trouble  keeping  the  columns  straight,  tape 
a  pencil  to  the  board  adjacent  to  each  col¬ 
umn  while  the  diodes  are  being  soldered. 

Use  tinned,  small-diameter  (e  g.  No.  26) 
wire  or  stripped  Wire-Wrap  wire  for  the  col¬ 
umn  and  row  buses.  Solder  the  row  buses 
first.  The  easiest  way  is  to  lay  a  wire  along 
the  anode  leads  In  one  row  so  the  wire 
touches  each  solder  pad.  Then  use  a  very 
small  amount  of  solder  to  tack  the  wire  to 
each  pad.  The  column  buses  must  be  sol¬ 
dered  above  the  row  buses  since  the  bus 
wires  ere  uninsulated.  Figure  D  is  a  smalt 
portion  of  the  completed  board. 

The  display  board  is  completed  by  sol¬ 
dering  lengths  of  Wire- Wrap  wire  from 
points  a  through  f  and  0  through  1 5  in  Fig, 
A  to  the  copper  fingers  on  the  board.  Try  to 
select  an  orderly  pin -connection  arrange¬ 
ment  to  simplify  the  interface  to  a  driving 
circuit  The  connection  pattern  can  be  con¬ 
sidered  a  bus,  and  the  bus  connections  for 
the  prototype  board  that  I  built  are  listed 
according  to  the  pin  designations  of  a  44- 
termina!  edge  connector  socket  (the  pin 
designations  are  marked  on  the  socket): 


LED  Array  Connection 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
a 
b 
c 
d 
e 
f 

g 

h 

i 

i 


S-44  Socket 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

A 

B 

C 

D 

E 

F 

H 

J 

K 

L 


This  bus  leaves  plenty  of  spare  lines  that 
can  be  used  by  an  array  driving  circuit,  in 
the  next  Project  of  the  Month,  I  will  de¬ 
scribe  a  driving  circuit  that  uses  the  array 
as  the  screen  of  a  solid-state  experimental 
oscilloscope.  O 
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Total  Order 
$35-$99 
$100-$300 
$301  $1000 


QUEST  Cosmac  Super  Elf  Computer  $106.95 

Compare  features  before  you  decide  to  buy  any  memory  select,  monitor  select  and  single  step, 
other  computer.  Ther$  is  no  other  computer  on  Large,  on  board  displays  provide  output  and  op- 
the  market  today  that  has  all  the  desirable  bene-  tional  high  and  low  address.  There  is  a  44  pin 
fits  of  the  Super  Elf  for  so  little  money.  The  Super  standard  connector  for  PC  cards  and  a  50  pin 
Elf  is  a  small  single  board  computer  that  does  connector  for  the  Quest  Super  Expansion  Board, 
many  big  things.  It  is  an  excellent  computer  for  Power  supply  and  sockets  for  all  IC’s  are  in¬ 
training  and  for  learning  programming  with  its  eluded  in  the  price  plus  a  detailed  90  page  instruc- 
machine  language  and  yet  it  is  easily  expanded  tion  manual. 


with  additional  memory,  Tiny  Basic,  ASCII 
Keyboards,  video  character  generation,  etc. 


Many  schools  and  universities  are  using  the 
Super  Elf  as  a  course  of  study.  OEM's  use  it  for 


The  Super  Elf  includes  a  ROM  monitor  for  pro-  training  and  research  and  development, 

gram  loading,  editing  and  execution  with  SINGLE  Remember,  other  computers  only  offer  Super  Elf 

S|THP^  °r  p/h0flran?  ^etJUB0lng  which  is  not :  in-  features  at  additional  cost  or  not  at  all.  Compare 

eluded  in  others  at  the  same  price.  With  SINGLE  before  b  Super  E|f  Kj|  $106>95  fiigh 

STEP  you  can  see  the  microprocessor  chip  addressr  optjo'  $8H95  Low  address  op||Jn 

nnordtinn  uuith  tho  nninirn  fliiocl  aHHrocc  inA  * _  -  T  .  ’  _  .  .  r 


operating  with  the  unique  Quest  address  and 
data  bus  displays  before,  during  and  after 
executing  instructions.  Also,  CPU  mode  and  in- 


$9.95.  Custom  Hardwood  Cabinet  with  drilled 
and  labelled  front  panel  $24.95.  NiCad  Battery 
Backup  Kit  $4.95.  All  kits  and  options  also  come 


fraction  cycle  are  shown  on  several  LED  indica-  completely  assembled  and  tested. 
>°rlamPs-  _ _ _ 


An  RCA  1861  video  graphics  chip  allows  you  to 


Questdata,  a  12  page  monthly  software  publica¬ 
tion  for  1 802  computer  users  is  available  by  sub- 


connect  to  your  own  TV  with  an  inexpensive  video  script}on  for  $12.00  per  year.  New  100  page 

modulator  to  do  graphics  and  games.  There  is  a  software  manual  Vol  1  ! U  95  H  y 

speaker  system  included  for  writing  your  own  ar®  1 ma.  VoL1  S4'95' 

music  or  using  many  music  programs  already  Tiny  Basic  f OT  ANY  1802  System 
written.  The  speaker  amplifier  may  also  be  used  Cassette  $10.00.  On  ROM  Monitor  $38.00. 
to  drive  relays  for  control  purposes.  Super  Elf  owners,  30%  off.  Object  code  listing  or 

A  24  key  HEX  keyboard  includes  16  HEX  keys  paper  tape  with  manual  $5.50. 
plus  load,  reset,  run,  Input,  memory  protect,  Original  ELF  Kit  Board  $14.95. 

Super  Expansion  Board  with  Cassette  Interface  $89.95 

This  is  truly  an  astounding  value!  This  board  has  simply  by  calling  them  up.  Improvements  and 
been  designed  to  allow  you  to  decide  how  you  revisions  are  easily  done  with  the  monitor.  If  you 
want  it  optioned.  The  Super  Expansion  Board  have  the  Super  Expansion  Board  and  Super 
comes  with  4K  of  low  power  RAM  fully  address-  Monitor  the  monitor  is  up  and  running  atthe  push 
able  anywhere  In  64K  with  built-in  memory  pro-  of  a  button. 

tect  and  a  cassette  interface.  Provisions  have  other  on  board  options  include  Parallel  input 
been  made  for  all  other  options  on  the  same  and  Output  Ports  with  full  handshake.  They 
board  and  it  fits  neatly  into  the  hardwood  cabinet  allow  easy  connection  of  an  ASCII  keyboard  to  the 
alongside  the  Super  Elf.  The  board  includes  slots  input  port.  RS  232  and  20  ma  Current  Loop  for 
5j  UP t0  6K  of  ePrOM  (2708,  2758,  2716  or  T1  teletype  or  other  device  are  on  board  and  if  you 
?£n?..and  ,s  u  y  socketed  ($12.00  value),  need  more  memory  there  are  two  S-100  slots  for 
EPROM  can  be  used  for  the  monitor  and  Tiny  static  RAM  or  video  boards.  AGodbout  8K  RAM 


Basic  or  other  purposes. 


board  is  available  for  $1 35.00.  Parallel  I/O  Ports 


A  IK  Super  ROM  Monitor  $19.95  is  available  as  $9.85,  RS  232  $4.50,  TTY  20  ma  l/F  $1.95, 
an  on  board  option  in  2708  EPROM  which  has  S-100  $4.50.  A  50  pin  connector  set  with  ribbon 
been  preprogrammed  with  a  program  loader/  cable  is  available  at  SI 2.50  for  easy  connection 
editor  and  error  checking  multi  file  cassette  between  the  Super  Elf  and  the  Super  Expansion 
read/write  software,  (relocatibte  cassette  file)  Board. 

another  exclusive  from  Ouest.  It  includes  register  jhe  pQVl*r  Supply  for  ttwi&upBr  Expan30r  Board 
save  and  readout,  block  move  capability,  and  jj  a  5  amp  s  jpp  ^  with  +  8v  ±  18v  +  12v  -  5v 
video  graphics  driver  with  blinking  cursor.  The  Regulated  ttflapt  are  ±5v  &  +12v  $29  95 
Super  Monitor  is  written  with  subroutines  allow-  _12  vo)t  ojlianal  Deluxe  version  includes  the 
ing  users  to  take  advantage  of  monitor  functions  at  ^  >9^ 


Auto  Clock  Kit  $15.95 

DC  dock  with  4-. 50"  displays.  Uses  National 
MA-1012  module  with  alarm  option.  Includes 
light  dimmer,  crystal  timebase  PC  boards.  Fully 
regulated,  comp,  instructs.  Add  $3.95  for  beau¬ 
tiful  dark  gray  case.  Best  value  anywhere 


RCA  Cosmac  VIP  Kit  $229.00 

Video  computer  with  games  and  graphics. 
Fully  assem.  and  test.  $249.00 


Not  a  Cheap  Clock  Kit  $14.95 

Includes  everything  except  case.  2-PC  boards. 
6-. 50"  LED  Displays.  5314  clock  chip,  trans¬ 
former,  all  components  and  full  instrucs.  Green 
and  orange  displays  also  avail.  Same  kit  w/.80" 
displays.  Red  only.  $21.95  Case  $11.75 


60  Hz  Crystal  Time  Base  Kit  $4.40 

Converts  digital  clocks  from  AC  line  frequency  to 
crystal  time  base.  Outstanding  accuracy.  Kit  in¬ 
cludes:  PC  board,  1C,  crystal,  resistors,  ca¬ 
pacitors  and  trimmer. 


Digital  Temperature  Meter  Kit 

Indoor  and  outdoor.  Switches  back  and  forth. 
Beautiful.  50"  LEO  readouts.  Nothing  like  it 
available.  Needs  no  additional  parts  for  com¬ 
plete,  full  operation.  Will  measure  -100°  to 
+200°F,  tenths  of  a  degree,  air  or  liquid. 
Very  accurate.  $39.95 

Beautiful  woodgrain  case  w/bezel  $11.75 


NiCad  Ballsry  Fixer -Charger  Kit 

Opens  shorted  t£ll$  that  won’t  hold  a  charge 
and  then  charges  them  up,  all  in  one  kit  w/futl 
P^rts  and  instructions.  $7.25 


Clock  Calendar  Kit  $23.95 

CT7015  direct  drive  chip  displays  date  and 
time  on  .6"  LEDS  with  AM-PM  indicator. 
Alarm/doze  feature  includes  buzzer.  Complete 
with  all  parts,  power  supply  and  instructions, 
less  case. 


TERMS:  $5.00  min.  order  U.S.  Funds.  Calif  residents  add  6%tax. 
BankAmericard  and  Master  Charge  accepted. 

Shipping  charges  will  be  added  on  charge  cards. 


Same  day  shipment.  First  line 
parts  only.  Factory  tested. 
Guaranteed  money  back.  Qual¬ 
ity  IC’s  and  other  components 
at  factory  prices. 
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P.O.  Box  4430C  Santa  Clara,  CA  95054 
will  call  only:  W®)  988-1640 

2322  Waltfi  Aw.  ^ 


will  call  only: 

2322  Wafcsn  Aw.  ^ 

uuc/l 

ELECTRONICS 

CLOCK  MODULES  Completi 
ready  to  hook  up  with  fra 


LM340T-18 
-17  LM340T-24 

.17  LMJ43H 

19  LM370 

23  LM377 

17  LU379 

.63  L  M3  SON 
.17  LM38t 

1.39  LM382 

20  LM703H 
.50  LM709H 
69  LM723H.N 
60  LM733N 
69  LM741CH 
17  LM741N 
29  LM747HN 
49  LM74SN 

88  LM1303N 
2  00  LM13Q4 

43  LM1305 

43  LM1307 

.43  LM1310 

.69  LM1458 

.90  LM1B00 
.29  LM1812 

.34  LM18S9 
.59  IM2111 

39  L  M2 902 
.69  IM390QN 
.95  LM3905 

69  LM3909N 

1  00  MC145BV 

89  NE540L 
87  NE550N 
87  NE555V 
87  NE556A 
96  NE56SA 

90  NES66V 
MS  NE567V 

87  NE570B 

65  NE571B 

1.55  78L05 

1.65  78L08 

.68  79105 

66  7SM0S 

66  75108 

7S491CN 
7S492CN 
.25  75494CN 


.25  Ato  0  CONVERTER  BT28 

25  80389  4  50  8T97 

25  8700CJ  13.95  8798 

25  B701CN  22.00 

.40  B7S0CJ  13.95  M0S7 

.90  LD130  9.95  2101- 

,25  94Q0CJWF  7  40  2102- 

.25  ICL7103  9.50  2102/ 

.41  IC17107  14.25  2lRM 


1  10  CD4511 

1.10  C04515 

4  50  C04S(6 
1  15  C04518 

4.50  C  04520 

5.00  CD4S27 
100  C04528 

1.60  C04553 

1.60  C04566 

.40  C04583 

.28  C04585 

50  C040192 

.67  74C00 

35  74C04 

.25  74C10 

.62  74C14 

.35  74C20 

.82  74C30 

1  10  74C48 

1  27  74C7J 

2.00  74C76 

2.75  74C90 

.47  74C93 

1.75  74C154 

7.50  74C160 

3,00  74C175 

1.75  74C192 

1.50  74C221 

.60  74C905 

1.75  74C9Q6 

.61  74C914 

50  74C922 

2.89  74C923 

.65  74C925 

43  74C926 

79  74C927 


110  COP16Q2CD 
3.00  C  DPI 802 D 
.28  CDP1861 


13.95  8798  1  69  271671 

22.00  2716  Intel 

13.95  MOS/MEMORY  RAM 

9.95  2101-1  3  95  CRYSTALS 


.30  C034001  Fur 

.35  C04000 

47  CD4001 

.51  C04002 

51  CM  006 

1.89  CD4D07 

.35  C04009 

35  CD4009 
.35  C04010 

.72  CO4011 

35  CD40I2 
.87  C04013 

67  CD4014 

67  C 0401 5 
.91  CO 4018 

91  C04017 

.95  CD-4018 

1.08  CD4019 

1.»  C04020 

.67  CO4021 

89  C04022 
CO 4023 
CO4024 

90  C 04025 

.67  C04026 

1.90  C  04027 
1.90  C 0402 8 

2.95  CD4029 

.35  C04030 

87  CD4035 

35  CO 4040 
.69  CD4042 

1.15  CD4043 

.95  CD4Q44 
.90  CD4046 
2  92  C04049 

1.35  CD4050 

1.20  CD4051 

6.95  CO 4060 

1.35  CO 4066 
1.35  C  04  065 
1.60  C040W 

1.80  CW070 

1.50  C04071 

1  60  C  04072 
1.15  CD4073 

1.55  CD4075 

1.10  CD4076 

1.10  CD4078 

1.10  CO4081 

MO  C 04062 
1.10  CD4I16 
1.10  CO  44  90 
1.10  CD4507 

1  10  CD4508 

1  10  CO4510 


9.95  2101-1 

7  40  2102-1 

9.50  2102AL-4 

14.25  21F02 

2104A-4 
21070 
.50  2111-1 

16  2112-2 
.21  2114 

.21  4116 

1.10  25I3B 

21  21L02-1 

-21  MM5262 

39  MM5280 

-39  MM5320 

-21  MM5330 

21  FU411D-3 

.36  PD411D-4 

86  P5101L 

.86  4200A 

.36  82S25 

.9*  91L02A 

.94  H 00155-5 

21  MM57100 

1.02  GIAY36500-1 

1.02  MCM6571A 
86  9368 

21  4100 

75  416 


::■!  SS  Jil!  '”;"wy°'s 

.28  KEYBOARDS 

28  1C  SOCKETS  « i»Hf  ASCII  Intend  kn  162  50 

1.95  Solder  Fin  Low  Profllo  72  50 

75  kn  i  up  pin  iup  ££ 

1  40  8  IS  22  30  Ft*yas«n»led  65  00 Endwirt  1495 

1.15  14  18  24  35 

ill  !f  a  »  «  MTOII  15 

:I  LSJm*  3 

I  S  B*  Green,  Orsngc.  Yellow  Jumbo  .25 

j§  "s-— ■  fsjsbrrwis 

.75  WIRE  WRAP  LEVEL  3  CONTINENTAL  SPECIALTIES  In  flock 

1  95  KN  PIN  Complete  line  ol  breadboard  (eit  equip 

5  50  14  .25  24  66  MAX-100  8  digit  Frtq.  Clr.  1128.95 

6  95  18  -57  «  l  “  OK  WIRE  WRAP  TOOLS  III  Hoc* 

o.w  i  a  pwtjb||  in .oo 

6.95  UABT/RFO  DIGITAL  THERMOMETER  148.50 

5  50  Ban  oper.  Gwer*  purpose  or  medical 
ifTJ-'OI4  32  -230  F  Disposable  probe  cover 

65  3341  6  95  -.2  accuracy  Comp.  Assy,  in 

65  compact  case.  Switches  from  F  to  C*. 

65  1702A  3  95  COMPUTER  BOARD  KITS 

1.25  N82S23  2  95  fl*  flAM  tord  K4  1134  95 

4  50  N82S123  3  50  4K  EPRDM  Ktt  114  95 

3iOQ  N82S126  3  75  50  Board  Kit  44  50 

5  50  N82S129  3  75  bnendcr  floard  m  connector  12.50 

3M0  N82S131  3  75  Video  Inierface  board  kit  125  00 

3  SO  NB2S136  8  75  16K  EPROM  board  M  w/o  PROMS  74.SO 

3.20  N82S137  8  75  16K  Sialic  RAM  board  kil  395  00 

1  69  2708  TO  50  &ar  floppy  Oak  Kll  5665  00 

2.75  DM8577  2,90  Additional  Drive  Kit  415.00 

I  S  SPECIAL  PRODUCT! 

69  «  f.L.  ““MM  Stopwatch  Timer  9.00 

2716  Intel  48.00  pc  poard  7.50 

toc  mht.1,  Swllcliei  Mom.  Pushbutton  .27 

3 «  i  if!?18  a «  .  3  iHde  25 

.  ”  IK?  f’S  E"«1,lw  HD0165-5  6  95 

t  «  a  t?  3  Digti  Unlvertol 

i'S  4  KH1  *  \\  Counter  Board  Ktt 

J-S  ,5  «  Operates  5-18  VoA  DC  to  5  MHr 

i  n  tin  Yp  ’25'  LED  display  10.00 

3*  ]o  MHl  3.90  “ 

8.50  32  MHz  3  90  P*mronlu  100A  Logic 

12  95  32768  MHz  4  00  JmJWTM  1224.00 

6  30  t.8432  MHz  4.50  ***'  ’0  TngB« 

1  29  3.5795  MHa  1  20  Ewnito  M  5229  00 

40  2.0100  MHz  195  >50  Bus 

3  00  2  097152  MHz  4  50  Grttber  Kit  $369  00 


6.95  UAAT/RFO 
AY5-1013 
AYS- 1014 


1.25  N82S23 

4.50  N82S123 

3.00  N82S126 

5.50  N82S129 

3.10  N82S131 

3.50  N82S136 

3.20  N82S137 


95  1  MHz 

1.60  2  MHz 

t.?5  4  MHz 

4.95  5  MHZ 

4.95  10  MHz 

3  75  18  MHz 


12  95  32768  MHz  4.00  AuHfl 

6  30  1.8432  MHz  4.50  IQ  Trno» 

1  29  3.5795  MHa  1  20  E*p«lto  M 

40  2.0100  MHz  195  ISO  Bus 

3  00  2  097152  MHz  4  50  Grttber  Kit 

9  95  2  4578  MHz  4  50  TRANSFORMERS 


5.94  3.2766  MHz 
4.00  5.0688  MHz 
5  00  5  185  MHz 
13.95  5.7143  MHz 
9  95  8  5536  MHz 


4  50  6V  300  rru  3.25 

4  f5  12  Voll  300  ma  tnnslormer  1  25 

4  50  1  2  6V  CT  600  ma  3.75 

4-50  12V  250  ma  wall  plug  2  95 

4  50  12V  CT  250  ma  wt(  plug  3.50 


t.si  cLoexs  55585* 

36  M 145309  3.00 

.79  MM5311  3.60 

1  02  MMS312  4.80  JJC922 

.21  MM5313  3  60  Mg® 

1.02  MM5314  3,90  W0I65-5 

102  MM531S  4.00 

.71  MM5316  5-00  1C  Toil  dip* 

.63  MMS318  3.60  „  „ 

.83  MM538B  2.10 

1.67  MM5841  14.45  Black 

.36  MM58E5  7.95  H  M 

.36  CT7001  5.60  K*lf»r  80- 

1.13  CT7002  8.95 

1,42  CT7010  8.95 

.71  CT701S  7.25  TRAN8I81 

.40  MMS375AA/N  3.90  2N1893 

.40  MM5375AB/N  4.90  2N2222A 


21  D50026CN  3.75  2N3638 

1.75  DS0056CN  3.75  2N3643 

40  MM53104  2.50  2N3904 

.21  2NJ906 

.21  MICROPROCESSOR  2N3055 

.47  6800  17.50  2N4400 

5.50  6802  24.95  2H4401 

1.X  809QA  with  data  8  95  2N4402 

4.25  806  5  27  M  T1P31 

1  02  Z80A  24.50  TIP33A 


'4  31B18MHZ  4.25  24V  CT  400  ma 

i  It  IS  i'S  10V  1  2  amp  4.85 

6  95  22  1164  MHz  4.50  12V  6  amp  12,95 

9  95  rnuucrrnD,  DISPlAr  LE0S 

9  95  C5!"LEC!?H8  MAN1  CA  270  2  90 

> »  44  pin  edge  2  00  Man3  tt  .125  .39 

to  no  lOOpmeage  4  50  MAN72'74  CA/CA  .300  1.00 

fi  x  100  pm  edge  WW  4  50  OL704  CC  .300  1.25 

,b  00  DL707;OL707R  CA  300  1.00 

KEYBOARO  ENCODERS  DL727/720  CA’CC  500  1.90 

3  00  AYS-2376  512.50  DL747175Q  CJVCC  .600  1.95 

3M  AYS- 3600  13.50  DL750  CC  600  1.95 

J  80  74C922  5.50  FND359  CC  .357  .70 

3  60  740923  5.50  FND500/507  CdCA  .500  1.35 

3  00  HMI65-5  6.95  FND503.510  COCA  .500  .  90 

a’ no  FNDB00807  COCA  .600  2.20 

5  oo  1C  Tift  cilia  3  digit  Bubble  .60 

3  60  1  10  4  digit  bubble  60 

j  in  Red  .55  .47  DG8  Fluorescent  1.75 

1445  Black  .56  .47  DG 10  Fluorescent  1.75 

7  gt  5  digit  14  pin  display  1.00 

5;eo  Ktytr  8043  14.50  NSN69  9  digit  display  .60 


COMPUTER  ORAOE  CAPS 

.40  1600  mid  200V  4  50 

18  2000  mid  45V  2.50 

30  3200  50V  2.50 


Sinclair  3V2  Digit  Multimeter 

Ban  ACoper.  1  mV  and  IN  A  resolution.  Resis¬ 
tance  to  20  meg.  1%  accuracy.  Small,  portable, 
completely  assem.  in  case.  1  yr.  guarantee.  Best 
value  ever!  $59.95 


Video  Modulator  Kit  $8.95 

Convert  your  TV  set  into  a  high  quality  monitor 
without  affecting  normal  usage.  Complete  kit 
with  full  instructions. 


2.5  MHz  Frequency  Counter  Kit 

Complete  kit  less  case  $37.50 

30  MHz  Frequency  Counter  Kit 

Complete  kit  less  case  $47.75 

Prescaler  kit  to  350  MHz  $19.95 


1978  1C  Update  Master  Manual 

1978 1C  Update  Master  Manual  $19.50.  Com¬ 
plete  1C  data  selector.  2175  pg.  Master  refer¬ 
ence  guide.  Over  42,000  cross  references. 
Free  update  service  through  1978.  Domestic 
postage $3.50.  Foreign  $5.00. 1979 IC  Update 
available  late  Jan.  $35,00. 


Stopwatch  Kit  $26.95 

Full  six  digit  battery  operated.  2-5  volts. 
3.2768  MHz  crystal  accuracy.  Times  to  59 
min.,  59  sec.,  95  1/100 sec.  Times  std.,  split 
and  Taylor.  7205  chip,  all  components  minus 
case.  Full  instructions. 


S-100  Computer  Boards 

8K  Static  RAM  Kit  $135.00 

16K  Static  RAM  Kit  265.00 

24K  Static  RAM  Kit  423.00 

32K  Dynamic  RAM  Kit  310.00 

64K  Dynamic  RAM  Kit  470.00 

8K/16K  Eprom  Kit  (less  PROMS)  S89.G0 
Video  Interface  Kit  ST3S.00 

Motherboard  $39.  Extender  Board  $8.99 


FREE;  Send  lor  your  copy  ol  our  NEW  1978 
QUEST  CATALOG.  Include  280  stamp. 


CLOCK  MODULES  Complet*  alirm  docks 
ready  to  hook  up  with  transformer  ano 
switches  Very  compact  *itb  50'  and 
2.90  84'  digits 

8  00  MA1002A.  C  Or  E  SC  8.95 

2  90  102P3  Trintiofmw  2.25 

1 90  MA1010A.  Cot  E.84-  11.95 

| "  102P2  Transformer  2.25 

°  ~  Special  tuniiormcT  and  ill 

q  n itches  when  purchased 

w/niodule  2.95 

^9  50  «A1 003  csr  module  .3' 

,9  95  often  fluor.  dlsplsy  15.95 

“  RESISTORS  Ik  wfl  5% 


D  Connectors  RS232 

25  Pin  Subminiatures 

DB25P 

2.95 

DE9P 

1.5Q 

DB25S 

3.95 

DE9S 

1.95 

Cover 

1.50 

DA15P  2.T0  1 

RS232  Complete  Set 

6.50 

DA15S  3.10 

MARCH  1979 


CIRCLE  NO.  45  ON  FREE  INFORMATION  CARD 


97 


IT’S  NEW!  IT’S  EXCITING!  POLY  PARS  GIANT, 


NFLATION  FIGHTIN’SAL 

'y  *Buy  any  item  on  this  page  and  choose  2nd  item  for  only  one  penny! 


A  PENNY  MORE  GETS  YOU  TWO* 


□  3  MICROPRQCESSOR/SUPPORT  CHIPS,  asst.  MM5780-90  series,  24-26  pin  (*5639)..  1-2* 

□  3  CLOCK/CALCULATOR  CHIPS,  asst.  MMS378,  75.  5737  etc.  (#5638) . 1.29 

□  23  DTL  FAIRCHILD  IC’s,  *atss  and  flip  flops,  Dip,  100*  (#3709) . •  "V.i*  * 

□  1-24  VOLT  50 MIL. TRANSFORMER,  115  V  Input,  open  frame,  l”x  l”x3/4"  («3631)..  1.29 

□  1O-2N3704  TRANSISTORS,  silicon,  TO-92  casa,  hls-300, 100*  (#5625)  . .  1.29 

□  10-2N3705  TRANSISTORS,  silicon,  TO-92  casa,  hfo- 150,  100%  (# 5626) .  1.29 

□  10  D33D21  TRANSISTORS,  low  powar,  silicon,  hfa-60,  TO-92  (#5627)  . . . 1.29 

□  1  ALLEN  BRADLEY  POT,  10K,  2-1  4  watts,  typo-J,  2"  x  ■*"  shaft  (#1746) . l.» 

□  50  ASST.  RED  LEDS,  20%  or  better,  various  stylos  and  typos  (#5624) .  .  1.29 

□  10  C.E.  POWER  TAB  TRANSISTORS,  D40N1,  N2,  some  NS,  TO- 202  (#5629) .  1.29 

□  60  PRECISION  RESISTORS,  V4  watt,  IX,  marked,  long  loads  (#5453) . . .  1.29 

□  1-12VDC  5MIL  REED  RELAY,  spat,  N.O,  2200  ohms,  7/6"  x  5/16"  x  3/16"  (#5515) ....  1.29 

□  50  TEMP.  COEFFICIENT  VOLTAGE  REF.  DIODES,  asst,  volt, +50X  (#5647) .  1.29 

□  12 LM-3S0 IC’a,  2  watts,  dip,  S0X+  yield,  U-tost  (#1975)  . . 1.29 

□  100  RED  BLOCK  DISC  CAPS,  assorted  values,  SOX  material  (#1698) . .  ....  1-29 

□  50  SHOCKLEY  DIODES,  most  popular  switching  diode,  hobby*  untested  (#1072A)  ....  1.29 

□  6  OPTO-COUPLER,  1500V  Isolation,  hobby  material,  U-teet  (#2629A) .  . .  1.29 

□  4  CHERRY  MICRO  SWITCH,  125  VAC,  15A,  N.C.  type  E- 13,  screw  terminals  (#5525) ...  1.29 

□  5  SPST  PUSHBUTTON  MOMENTARIES,  rt.  angle,  pc  mt,  on-on’  (# 5635) .  1.29 

□  25  TTL’s,  with  7400*s,  U-teat,  dips  («2415A) . . . 1-29 

□  lOO-CAPACfTOR  SPECIAL,  discs,  mylar,  lytlcs,  mors  (#2739). . .  2.49 

□  10-V0LTACE  REGULATORS,  hobby  LM320,  340,  TO-3  (#3330) . . 2.49 

□  30-PANEL SWITCHES,  slides, rotaries,  mod,  etc  (#32*9) .  f.*® 

□  20O-RESISTOR  SPECIAL.  W  to  1W,  carbon,  metal  (#3054) .  2.*® 

Q  200-HALF  WATTERS,  resistors,  carbon,  metal  (#3049) . ? .49 

□  100-NATIONAL  1C  BONANZA,  linears,  7400a  ROMS  (#2990) .  2.« 

Q  1 5- LM340T  VOLTAGE  REGULATORS,  5 to  24V,  T0  220(# 2935) .  2.49 

□  100- POLYSTYRENE  CAPS,  Mat'd  values,  voltage,  hi  Q  (#2729) . 

□  50- T HER MISTORS,  resistors  that  changs  with  temp  (#4099) . 2.*® 

□  20- BRIDGES,  untested.  2. 4,  8,  amp,  full  wava  1*4022). . . . 2.*® 

□  15-MIXED  READOUTS,  habby,  untasted,  .127,  .3,  .5,  etc.  (#391#) . *-«® 

□  ISO-QUARTER  WATTERS,  reeietora,  metal  Aim.  markad  (#3413) . 2.49 

□  100-PLASTIC  TRANSISTORS,  unteetsd,  T0-S2  (#2904) .  . 2.«® 

O  200- PREFORMED  RESISTORS,  *,  W, 1W,  marked,  ssst’d  (#2909) . . . 2.49 

□  ISO-PRECISION  RESISTORS,  Vi.  1W,  IX,  2X  markad  (#2429) .  2.49 

□  40-DIPPCD  MYLARS,  shiny  finish,  soot’d  vsluss  (#2597) . 2.49 

□  3O-V0LUME  CONTROLS,  audio.  Ilnsar.  ssst’d  valuse  (# 2421) .  . 2.49 

□  300- SILICON  SIGNAL  DIODES,  micro,  gloss,  zsnsrs  tool  SOX  yisld  (#2929) . 2-49 

□  15-CLOCK -CALCULATOR,  may  Includs  MM537S,  MM537S  (>5636) .  2.49 

□  10-PUSH  SWITCHES,  push-ta-braah,  spat,  alarm*  l#5299) .  2.49 

□  12-MICROPROCESSORS,  and  support  IC’s.  ("5639) . . .  2.49 

□  150-GLASS  ZENERS,  400  MW,  untaatad,  better  than  50X  yield  (#2740) . 2.49 

□  73-CARBOF1LM  RESISTORS,  Vi,  Vi  watt,  5  A  10X,  markad.  Mot’s  <#  3534) .  2.49 

□  250- UNMARKED  CAPACITORS,  peiyetyrane,  melded,  pep  valuee  (>3905) . 2.49 

□  10O-1N4149/914  SWITCHING  DIODES,  501+  yield.  Untestedl  (#2419) . . 2.49 

O  30- PC  TRIM  POTENTIOMETERS,  thumbwheel,  screwdriver  sss’L  (a  3345) .  2.49 

O  15- SLIDE  VOLUME  CONTROLS,  asat’d  value*,  duals,  alngtts  (#3057) . 2.49 

□  75-4"  CABLE  TIES,  plastic.  Ilk*  "Ty-wrap"  <«S21S) . 2.49 

□  10-CRYSTALS,  may  Include  CB,  Ham  A  mart  (#3250) .  2.49 

□  100-TERMINAL  STRIPS,  from  2  lug*  up  (#3139) . 2.49 

□  3O-NE-2NE0N  LAMPS,  all  lOOXgeed  (#2913) . 2.49 

□  40- ft.  SHIELDED  CARLE,  1  cond,  mike*,  phones,  (#1577) . 2.49 

□  3-SOUND  TRIOOERS,  sound  triggers  ser  w/amp  (#3925) .  2.49 

□  10-CB  CRYSTALS,  for  phase  lech  loop,  HAM,  HC/lt  (#8050) . 2.49 

□  SO- 4  LAYER  SHOCKLEY  DIODES,  Asst.  pop.  voltages  (>1072) .  2.49 

□  75-SN7400  TTL  ICs,  untested  50X+  yield,  pep  type*  (#2415) . 2.49 

□  100-MINI  DIP  ICs,  linear*,  untested  SOX+  yield,  pep  types  (#3245) . . 2.49 

□  30-LM390  AUDIO  IC'a,  2  watts  en  s-dlp  50X+  yisld  (#5294) . 2.49 

□  75-LINEARS,  OP  AMPS,  untssted  SOX  +  yield,  amps-dlps-mlsldlp*  (#2419) .  2.49 

□  10O-TTU  A  LINEAR  MIXED,  with  7400*,  50%+  yield  (#2431) .  2.49 

□  150- PREFORMED  DISC  CAPACITORS,  marh-d  values,  seat'd  (#2905) .  2.49 

□  ID-CALCULATOR  KEYBOARDS.  20  keys  and  up.  (#1524) .  2  49 

□  2000-FACT0RY  REJECT  OIODES,  xsnsrs,  rset,  signal,  untested  (#5399) .  2.49 

□  40- AXIAL  ELECTROS,  ssst’d  values  A  capacitance.  (#3227) . .  2.49 

□  40  UPRICHT  ELECTROS,  asst’d  vsluss  A  capacitance.  {#  3226) . . .  2.49 

□  150-RED  DISC  SPECIAL.  Erls,  mostly  marked,  pop  value*  (#5341) .  2.49 

□  "WATCH  CUTS",  LED.  who  knows  how  good  (  5297) .  2.49 

□  10  1000V  1  AMP  RECTIFIERS,  1N4007  |  2364) .  2.49 

□  ISO  MOLEX  1C  connector*,  for  14,  16,  18,  40seckets  (>3324) .  2.49 

□  25  POWER  TAB  TRANSISTORS,  T0-202,  30  watt*  (  2425) . .  2.49 

□  10  PUSH  MICRO  TOGGLE  SWITCHES,  spst  (  5635)  . .  2.49 

□  10  MICRO  TOGGLES,  spst,  dpdt,  for  panel,  stc.  (  5636) .  2.49 

□  SO  2  AMP  METAL  CASE  AXIAL  RECTS,  up  to  1KV  1-  4006) .  2.49 

□  10O-MIN1  BLOCK  CAPACITORS,  Erie.  Red  *q  disc  style.  (>3526) .  2.49 

□  20  PLESSEY  0.1MF  "  100  VDC  1”  SQUARE  CAPS  (  5561)  . .  2.49 

□  10  TV-FM  300  OHM  TWIN  LEAD  SPLICERS  (  S547J . .  2.49 

□  2.9V  NICAO  BATTERY  CHARGER  HOvsc  In  (-4096) . .  2.49 

□  4  MIKE  HOLDERS,  for  CB’*  and  other  mobile  rigs  (-5634) . . .  2.49 

D  10PLESSCY  CAPS,  IMF  «  100V  1”  *q.  CERAMICS  (unmarked)  (>5633) .  2.49 

□  100  PLESSEY  CAPS,  mixed  values  marked  and  unmarked  (>5613) . 2.49 


6  for  1.30 
10  for  1.30 
SO  for  1.30 
2  for  1.30 
20  for  1.30 
20  for  1.30 
20  for  1.30 
2  for  1.30 

ioo  for  1.30 
20  for  1.30 
120  for  1.30 
2  for  1.30 
100  for  1.30 
24  for  1.30 
200  for  1.30 
100  for  1.30 
12  for  1.30 
•  ter  1.30 
10  for  1.30 
50  for  1,30 


200  tot  2.50 
20  foi  2.50 
60fer  2.50 
400  ter  2.  SO 
400  for  2.50 

200  for  2. 50 

30  for  2. 50 
300  fer  2.50 
100  fer  2.50 
40  fer  2. 50 
30  for  2.50 
lOOfer  2.50 
200  fer  2. 50 
400  fer  2.50 
300  for  2.50 
120 fer  2.50 
60  fer  2.50 
600 fer  2.50 
30  tor  2. 50 
20 fer  2.50 
24  fer  2.50 
300  for  2.50 
150  fer  2.50 
600  for  2.50 
200  fer  2.50 
gO-for  2.50 
30  fer  2. 50 
150  fer  2.50 
20  fer  2.50 
200  fer  2.50 
60  fer  2.50 
•Oft.  fer  2.50 
•  fer  2.50 
20  fer  2.80 
100  for  2.50 
150  fer  2.50 
200  fer  2.50 
90  fer  2.50 
150  fer  2.50 
200  fer  2.50 
300  fer  2. 50 
20  fer  2.50 
4000  fer  2.50 
•0  fer  2. 50 
•0  fer  2.50 
lOOter  2.50 
2  fer  2.50 
20  fer  2.60 
300  fer  2.50 
50  lor  2. 50 
20  for  2. 50 
20  for  2. 50 
100  for  2.50 
200  fer  2.50 
40  for  2.50 
30  fer  2.50 
2  fer  2.50 
■  ler  2.50 
20  fer  2.50 
200  fer  2.50 


LEDS!  -a 

YOUR  CHOICE  5  fer  #1,00 
lc  SALE  10  fer  SI. 01  fir 

Order  by  Cat.  No. 

1709  MICRO  TOPHAT  RED 
179S  JUMBO  TAPER  CLOUDY 
1902  MICRO  SINGLE  PIN  RED 
1949  MICRO  YELLOW 

2135  JUMBO  RED 

2136  JUMBO  TAPER  RED 

2137  MICRO  RED 

2790  JUMBO  RED  CLEAR 


/  £  ***7404 
/  9  **7403 

I  £  **7406 

/  £  ***7410 
/  3  **7420 

1°  ***742« 

/  £  ***7437 

f  n  !M74*0 
£  *«7455 
□  SN 7464 


*401  «■*•  2  lorn.  ,C  S 

I**  *  ;*•  *  .i* 


LYTIC  KLINIC 
ELECTROS 

Order  by  Cet.  No.  #3269  and  velus 
UF  V  Sals  lc  SALE 

□  10  II  lOt.rSl  20  tsr  S1.01 

□  10  25  OferSl  16  for  Sl.Ol 

□  10  Su  6 far  Si  12for  Sl.Ol 

□  20  15  9  fer  SI  IBfocSl.Ol 

□  16  25  6 fer  #1  19 for  Sl.Ol 

□  50  15  6 fer  SI  12tor  Sl.Ol 

□  50  25  4 for  SI  •  for  Sl.Ol 

□  100  15  3  fer  #1  6  fer  Sl.Ol 

□  100  25  2  fer  SI  4  fer  81.01 

□  1000  3  2  fer  SI  4  fer  Sl.Ol 

□  1000  19  1  for  SI  2fer  Sl.Ol 

All  PC  type  except  for  noted  ’Axial 


HOW  TO  ORDER  1 


■ss 

if  £  *N7474 

S°«iu!E 


RIBBON  CABLE  AT  THIN  PRICES 


Order  by  Cat. 
No.  3939  and 
conductors. 


□  50  IF  TRANSFORMERS,  amat  sizes  (>  3596) .  1.29 

□  30  RADIO  AND  TV  KNOBS,  asst  styles,  sizes  (>8217) . 1.29 

□  50  TUBULAR  CAPACITORS,  asst  volts  and  sizes  |>B219) .  1.29 

□  50  LOW  NOISE  RESISTORS  V»,  ViW.  H1F1,  stc  (>  220) .  1.29 

□  40  POWER  RESISTORS,  3,5,7  w.  axial,  pop  sizes  (>B228) .  1.29 

□  $25  SURPRISE,  all  kinds  of  parts  in  a  pak  (>B294) .  1.29 

□  12  PANEL  SWITCHES,  rotary,  slid*,  toggle,  etc  (>B295) .  1.29 

□  50C0ILS  AND  CHOKES,  rf,  parasitic,  If.  ate  (>B297) .  1.29 

□  50  TERMINAL  STRIPS,  up  to  4  solder  lug*  (>B334) .  1.29 

□  SO  PRECISION  RESISTORS,  ViW,  IX,  axial  (>B363) .  1.29 

□  50  MICA  CAPACITORS,  asst  values  (=83731 .  1.29 

C  10  SETS  RCA  PLUGS  AND  JACKS,  phono  (>B402) .  1.29 

□  50  DISC  CAPACITORS,  asst  vsluss  long  leads  (>B437) .  1.29 

□  20  TRANSISTOR  ELECTRO’S,  asst  up  and  ax  (>B4S3) . 1.29 

□  75  HALF  WATTERS,  resistors,  color  coded,  asst  (>S454) .  1.29 

□  35  SILVER  MICAS,  red  backs,  axial,  asst.  (>8455) .  1.29 

□  S-SO  AMP  RCCT,  asst  volts  up  to  25.  stud  (»L717) .  1.29 

□  100  GERMANIUM  DIODES,  axielleeds.u  fast  (>L642) .  1,29 

□  lOO-STABISTORS,  Regulator,  sensing  and  computer.  Axial,  excellent  yield  (>3140)  ..  1.29 

□  100  PRINTED  CIRCUIT  Vi  WATT  RESISTORS,  asst  1>U1060) .  1.29 

□  12  TRANSISTOR  SOCKETS,  asst  npn  and  pnp  type*  (>U6S1) . 1.29 

□  50-3  AMP  SILICON  RECTIFIERS,  axial,  asst  V  («US65) .  1.29 

□  SO  POLYSTYRENE  CAPS,  plastic  coated,  prsc.  (>U1052) . 1.29 

□  10 NX- 2 bulbs,  for  IlOvae  project*,  hobby,  stc  («U1222) . 1.29 

□  10PR0XIMITY  REED  SWITCHES,  asst  slzss  ("U125S) . 1.29 

□  6  2N91S  UHF  TO- IS  TRANSISTORS  (>01423) .  1.29 

□  30  MOLEX  CONNECTORS,  nylon,  asst,  sizes  (>5642)  .  1.26 

□  SO  MINI  BLOCK  CAPACITORS.  Erls,  r»d  square  discs.  Asst,  values.  (>3528) .  1.26 

□  6-CALCULATOR  AC  ADAPTOR  JACK,  standard  threads  3  terminals.  (» 23 16) . 1.29 

□  500NE  AMP  ZER  DIODES,  asst,  axial,  u  tost  (*U1964) .  1.29 

□  5-PA-263  THREE  WATT  PC  BOARDS,  for  amps  (>U201 3) .  1.29 

□  5-MICRO  MINI  SLIDE  SWITCHES,  SPOT  (=U23S4) . 1.29 

□  5  MINI  MOTORS,  lVi  Vdc,  tor  many  hobby  pro)  (>U2551) .  1.29 

□  50  IN4000  RECTIFIERS,  asst  to  600V,  u  test  (>U25»4) .  1.29 

□  15  PRINTED  CIRCUIT  BOARDS,  asst  sizes,  hobby  (  =  U2010) .  1.29 

□  2  MERCURY  SWITCHES,  silent  touch.  SPST  (>U2«23) .  1.29 

□  6  ITS  A  SNAP,  9  VDC  BATTERY,  red  n  black  lead  ( >02652) .  1.29 

□  8  1400  VOLT  "RED  BALL”  RECTIFIERS,  axial  1  AMP  (>U2590) .  1.26 

□  20 1N414S SWITCHING  DIODES,  4  nsec,  axial  (-U3000) .  1.29 

□  6-10  AMP  QUADRACS,  w/trlggar  dlodt  up  600V  (>U3620) .  1.29 

□  5  MICRO  SWITCHES,  push,  scat  types  (>U301l) .  1.29 

□  40  SQUARE  DISC  STYLE  CHOKES,  color  coded  UU3203) .  1.29 

□  30  TRAN5I5T0RS  T092  2N4400  series,  u  test  (>U329|| .  1.29 

□  4-TRANSISTORS  TRANSFORMERS,  audio,  inter,  etc  mint  !>U3295) .  1.29 

□  15  PRINTED  CKT  TRIMMER  POTS,  asst  values,  etc  (>U3346) .  1.29 

□  6  UTILITY  AC  OUTLET  JACKS,  Hlti,  equip,  etc  1>U35#2) . 1.29 

□  20  H  CABLE,  1  cond  shielded,  1-24,  tor  phono  (-U36S3) .  1.29 

□  7  2N3055  HOBBY  NPN  TRANSISTORS.  TO-3  |>U3771) .  1.29 

□  10-PNP  30  WATT  TO-3  TRANSISTORS,  hobby  (>U3772) .  1.29 

□  SO  TUBE  SOCKETS,  4,S,6,7  pin  tubes,  asst  (>U3639) .  1.29 

□  1-10  AMP  POWER  TAB  QUADRAC.  200  PR  V,  T0220,  2/trigger  (>1590) .  1.29 

0  10-BULLET  RECTIFIERS,  2  amp,  200V,  axial  (>#4) .  1.29 

□  2-MAN4  READOUT,  REO.com  anoda,  *lz#..19"  (=  1503) .  1.29 

□  10-READOUTS,  MAN  3,  common  cath,  LED,  the  claw,  RED  (>3336) .  1.29 

□  S  LEDS,  asst,  sizes  and  shapes,  rad,  graan,  yellow,  amber  (  =  3869) .  1.29 

□  PHOTO  FLASH  ELECTRO.  CAP,  600  MF  »  360  V  (>3897) .  1.29 

□  2-CIRCUIT  BREAKERS,  glass  sealed,  axial,  rated  »  lamp  (>3905) .  1.29 

□  MICRO  MINITOGGLE,  SPST,  2 pos, on-off)  12SV  >  3  amp*  (>3936) .  1.29 

□  5-CB  CRYSTALS,  orlg.ussd  w/iynth#elz*r,  asst.fraq,  HC-18/U  holder  (>5051) .  1.29 

□  4  PUSH  BUTTON.  SPST,  PANEL,  N.C.  12SV  «  1  A  (>5289) .  1,29 

□  10-INSTRUMENT  KNOBS,  assL  styles  and  colon,  %"  shaft  (>5121) .  1.29 

□  4-TAPE  HEADS,  Hlti  types  {>  5182) . . . 1 .29 

□  5-TANTALUM  ELECTROS,  TEARDROP  stylo,  2.2uf  "  25V  (>5205) .  1.29 

□  2-INLINE  FUSE  HOLDERS,  complete  w/S  amp  fuse  (>5213) .  1.29 

□  30-4"  CABLE  TIES,  non-slip  whit*  plastic  (>5217) .  1.29 

□  JOpc  HEAT  SHRINK,  asst,  sizes,  MX  shrink***  (>5240) . . . 1.29 

□  20-T0R0IDS,  some  with  colli (#5431)  . . 1.29 

□  15-15V  ZENERS,  400mw,  axial,  glass  css*  (#5404) .  1.29 

□  2- ALUMINUM  HEAT  SINKS,  tor  TO  220  {>  S338) . 1-29 

□  2-S.1V.5X,  10W.  STUD  ZENER,  DO-4  css*  (>5287) .  1.29 

□  12  SKINNY  TRIM  POTS,  PRECISION,  asst,  styles,  values  50X  yisld  (>3389) .  1.29 

0  60pc-PRECUT,  PRETINNED  WIRE,  various  lengths  and  colors  (>1971) . 1.29 

□  60-MINI  RESISTORS,  ter  PC  sppl.,  vert,  1/8W,  color  codsd  (>2235) .  1.29 

□  8  TRANSISTOR  RADIO  EARPHONES,  8 ohms  Imped  (>2946) .  1.29 

□  10-SK  POTS,  audio  taper,  plastic  snap-in  mounting  (=5124) .  1.29 

□  10  162  MEG  DUAL  POTS,  audio  taper,  ‘‘snep-ln’’  mnt  (>5125) . 1.29 

□  50- 1  AMP  ZENERS,  wide  asst,  of  values,  untested  (>  1964) . 1.29 

□  12-SCR’S  A  TRIACS,  10  AMP,  asst,  values,  untested  (>2087) .  1.29 

□  3  QUADRACS,  10  AMP.  100%  prime,  50-100-200  V,  T0-220 (>S048) .  1.29 

□  20-MINI  RECTIFIERS,  IV.  AMPS,  2SV,  epoxy,  axial  (>5374) . 1.29 

□  5- 1N4007  1000V  MINI  RECTIFIER,  epoxy  casa.  axial  leads  (>2363) .  1.29 

□  60  MOLEX  CONNECTOR  Typ*  M1938  4,  makes  14  to  40  pin  sockets  («  1609) .  1.29 

□  2-T.V.  CHEATER  CORDS,  for  AC  power,  w/6’  cable  (>5552) .  1.29 

□  10  T  V.  CHEATER  CORO  JACKS,  for  us*  with  above  (>5S20) . 1.29 

□  10-1  AMP  200V  MINI  RECTIFIER.  IN4003,  epoxy,  axial  (>2379) .  1.29 

□  2  l.SV  SILVER  OXIDE  WATCH  BATTERIES,  (speclfly  die.)  (>5063) .  1.29 

□  3  LCD  WATCH  READOUTS,  3Vr"  digits.  7  sag,  dim  IV,  x  1"(>5066] . 1.29 

□  10-IC  DICE  CHIP,  complete  circuitry,  asst,  sizes  (>5065) .  1.29 

□  2  lOOKHz  MARKER  CRYSTALS,  specify  104.067,  104.092,  or  1 14.00  KHz  («  3696). . . .  1J9 

□  12-1.5V  LAMP  AND  SOCKET  SET.  200ma,T2  style  (>3956) .  1.29 

□  10-RCA  PHONO  JACKS,  chassis  mount,  teflon  base  (>5119) .  1.29 

□  10-COAXIAL  PIN  HEAD  LEOS,  RED  (=  5617) . 1.29 

□  4-5  DIGIT  7- SEGMENT  READOUTS,  in  flat  pak  casa  (>S616) . 1.29 

□  4-V4"  BLOCK  TRIM  POTS,  SK  to  200K  (>2536) .  1.29 

□  1  "FOTO-FET"  N  CHANNEL,  Crystalonic*.  J  Sealed  Effect  Transistore.  (>1169) . 1.29 

□  1- VOLTAGE  REGULATOR.  T0202  case,  12V  600MA  (>1900) . 1.29 

□  1  3  DIGITS  ON  A  DIP,  LEO,  rad.  DL  33  {  1867) . 1.29 

□  3  MMS262  2K  DYNAMIC  RAM,  specify  type  (>3459) .  1.29 

□  10-2N711  HIGH  SPEED  SWITCHING  TRANSISTORS,  TO  16,  npn  (>3374) .  1-29 

□  2-15W  HI  POWER  TRANSISTORS,  220V,  npn,  T066  (>2797) .  1,29 

□  4-24  PIN  1C  SOCKETS  (>2168) .  1.29 

□  1-MMS312  DIGITAL  CLOCK  SHIP.  IQOX  (>  1S2S) . 1.29 

□  1-MM572S  4  FUNCTION  CALCULATOR  CHIP,  IOO*  (>2036) . 1.29 

□  1MM52C2  ERASABLE  PROM.  IOOX  (>1525) .  1.29 

□  3  10  AMP  2SV  BRIDGE  RECT,  comb  style  (>2447) .  1.29 

□  10-2N3565RF  TRANSISTORS,  T0106,  2N5133  (>3372) .  1.29 

□  IO-LINEAR  SWITCHING  TRANSISTORS.  2N290S.  pnp,  T05  (>  3375) .  1-29 

□  SO  2  AMP  CYLINDRICAL  RECT.  up  to  IK.  u-test  (>4006) . 1.29 

□  SOPEMFACE  READOUTS,  LCD,  red.  aoma  segs  missing  mostly  duals  (°39S2) . 1.29 

□  10-2N2222  (or  aquiv.},  TO- 16 metal  caa*  (•  1992) . 1.29 

□  40-TERMINALS,  incl.  ring  and  spade  types,  for  12to -20  wire  { >3953) .  1.29 

□  10  DATA  ENTRY  SWITCHES,  SPST,  lamp,  125V  norm  open  (>3961) .  1.29 

□  10  FLUORESCENT  OVERFLOW  READOUT  TUBES,  w/leads  (>3266) . 1.29 

□  1O-2N3704  T092  TRANSISTORS  («3S0S) . 1.29 

n  12N5001  BOV  TRANSISTORS  STUD  (  2800) .  1.28. 


lOOter  1.30 
60  fer  1.30 
lOOter  1.30 
lOOter  1.30 
80  for  1.30 
50  for  1.30 
24  fer  1.30 
100  for  1.30 
100  for  1.30 
100  for  1.30 
100  fer  1,30 
20  for  1.30 
100  for  1.30 
40  for  1.30 
150  for  1.30 
70  fer  1.30 
10  for  1.30 
200  for  1.30 
200  for  1.30 
200  for  1.30 
24  for  1.30 
100  fer  1.30 
100  for  1.30 
20  for  1.30 
20  for  1.30 
12  for  1.30 
60  ler  1.30 
100  for  1.30 
12  for  1.30 
100  for  1.30 
10  fer  1.30 
10  fer  1.30 
10  fer  1.30 
100  fer  1.30 
30  fer  1.30 
4lor  1.30 
12  for  1.30 
16  for  1.30 
40  for  1.30 
12  for  1.30 
10  for  1.30 
60  for  1.30 
60  for  1.30 

•  for  1.30 
30  fer  1.30 
12  for  1.30 

40  ft  1.30 
14  ter  1.30 
20  tor  1.30 
100  for  1.30 
2  tor  1.30 
20  fer  1.30 
4  for  1,10 
20  fer  1,30 
16  fer  J.30 
2  for  1.30 
4  for  1.30 
2  ler  1.30 
lOfor  1.30 

•  for  1.30 
20  for  1.30 

•  for  1.30 
10  fer  1.30 

4  for  1.30 
60  fer  1.30 
60  for  1.30 
40  fer  1,30 
30  for  1,30 
4  for  1.30 
4  for  1.30 
24  for  1,30 
120  for  1.30 
120  fer  1.30 
16  for  1.30 
20  fer  1.30 
20  ler  1.30 
100  for  1.30 
24  for  1.30 
6  for  1.30 
40  fer  1.30 
10  for  1.30 
120  for  1.30 
4  for  1.30 

26  fer  1.30 
20  fer  1,30 
4  for  1.30 
6  for  1.30 
20  ter  1.30 
4  fer  1.30 
24  fer  1.30 
20  fer  1.30 
20  fer  1.30 

•  ter  1.30 
Star  1.30 
2  for  1.30 
2  for  1.30 
2  for  1.30 
6  for  1.30 

20  fer  1.30 
4  for  1.30 

•  for  1.30 
2  fer  1.30 
2  for  1.30 
2  for  1.30 

•  for  1.30 
20  fer  1.30 
20  for  1.30 

100  fer  1.30 
10  fer  1.30 
20  fer  1.30 
00  fer  1.30 
20  fer  1.30 
20  for  1.30 
20  for  1.30 
2  fer  1.30 
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_ I  *  of  the  same  cat.  no. 

1N4000  Epoxy  Rectifiers 
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Cat.  No.  Typ*  Volt* 

2377  1N4001  SO 

2376  1N4002  100 

2379  1N4003  200 

2300  1N4004  400 

2361  IN 400 9  600 

2362  IN 4000  600 

2363  IN 400 7  1000 


Sale 

10  fer  S  .78 
10  fer  .68 
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CIRCLE  NO.  43  ON  FREE  INFORMATION  CARD 


POPULAR  ELECTRONICS 


INFORMATION: 


Learning  more  about  a  prod¬ 
uct  that's  advertised  or  men¬ 
tioned  in  an  article  in  this 
month’s  issue  is  as  simple 
as  one,  two,  three.  And  ab¬ 
solutely  free. 

A-M  Print  or  type  your 
name  and  address  on 
the  attached,  card. 
Use  only  one  card 
per  person, 

2  Circle  the  Humberts) 
on  the  card  that  cor¬ 
respond  to  the  Hum¬ 
berts)  at  the  bottom 
of  the  advertisement  or  arti¬ 
cle  for  which  you  want  more 
information. 

[Key  numbers  for  advertised 
products  also  appear  in  the 
Advertisers’  Index.) 

3  Simply  mail  the  card, 
and  the  literature 
will  be  mailed  to  you 
free  of  charge  from 
the  manufacturer. 


FREE 

INFORMATION: 

This  uddtess  15  tot  oui  product  Free 
Information  Service*  only  Editorial  m 
quirted  should  Lit1  three  fed  to  POPULAR 
ELECTRONICS,  One  P,nk  Avenue, 

1  New  York.  MY  10016 


POPULAR  ELECTRONICS  PE3793 

USE  ONLY  ONE  CARD  PER  PERSON 

NAME _ 

ADDRESS _ 

CITY _ STATE _ ZIR _ 

(Zip  Code  must  he  included  to  insure  delivery*)  (Void  after  May  31 . 1979) 

Do  you  own  a  car?  a.  □  Yes  b.  □  No 

Did  you  buy  a  car  stereo,  radio  or  tape  system  after  you  purchased 

your  car?  a.  □  Yes  b.  □  No 

Do  you  plan  on  buying  a  car  stereo  in  the  next  year?  (Other  than 


any 

you 

may  purchase  as  part 

of  a 

car) 

a.  □  Yes 

b. 

□  No 

4  0  Please  send 

me  1 

2  issues  of  Popular  Electronics  for  1 

50.97 

and  bill  me. 
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POPULAR  ELECTRONICS  PE3792 

USE  ONLY  ONE  CARO  PER  PERSON 

NAME _ _ _ 

ADDRESS _ 

C ITY _ _ _STAT  E _ _ Zl  R _ 

(Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  May  31 . 1979) 

Do  you  own  a  car?  a.  □  Yes  b.  □  No 

Did  you  buy  a  car  stereo,  radio  or  tape  system  after  you  purchased 
your  car?  a.  □  Yes  b.  □  No 

Do  you  plan  on  buying  a  car  stereo  in  the  next  year?  {Other  than 
any  you  may  purchase  as  part  of  a  car)  a.  □  Yes  b.  □  No 

4  0  Please  send  me  1  2  issues  of  Popular  Electronics  for  $0.97  and  bill  me. 
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POPULAR  ELECTRONICS  PE3791 

USE  ONLY  ONE  CARD  PER  PERSON 

NAME _ _ _ 

ADDRESS _ _ _ __ _ _ 

CITY _ - _ STATE— _ _ ZIP _ 

(Zip  Code  must  be  included  to  insure  delivery.)  (Void  after  May  31  1979) 

Do  you  own  a  car?  a.  □  Yes  b.  □  No 

Did  you  buy  a  car  stereo,  radio  or  tape  system  after  you  purchased 

your  car?  a,  □  Yes  b,  □  No 

Do  you  plan  on  buying  a  car  stereo  in  the  next  year?  (Other  than 

any  you  may  purchase  as  part  of  a  car)  a.  □  Yes  b.  □  No 


4  0  Please  send 

1  2  3 

me  12  issues  of  Popular  Electronics  for  $8.97  and  bill  me. 
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BUSINESS  REPLY  CARD 

First  Class  Permit  No  217  Clinton  Iowa 

POSTAGE  WILL  BE  PAID  BY 

Popular  Electronics 

P.O.  Box  2905 
Clinton,  Iowa  52732 


No  postage 
necessary 
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Spectacular 
demonstrations  oi 
stereo  fidelity 


Offers  you  a  greater  tram 
of  sound  than  has  ever 
before  been  included  on 
single  recording . . . 

This  RECORDING  l£  AvA<LA|JL£  l*j  vCn 
CHOICE  OF  33^  iS-flPM,  OR  On 

CASSETTE  BooM-ot  wnici' ulitUiWJ  n  I  i*rv 

nt  me  ick-ct  inn.  pwlcrtiiffl  II  inti.jLl,rt 


This  recoidmg  is  The  result  oi  two  years  of  intensive  rose; 
i n  the  sound  ribraries  of  Deutsche  Graitimophon,  Coronals: 
Society,  Westminster.  and  Cambridge  Records  The  edripr 
Stereo  Review  have  selected  and  edited  those  excerpls 
best  demo  ns  (rain  each  of  the  many  aspects  of  the  stereo  re. 
duciion  of  music.  The  recording  is  a  senes  of  indoponc 
sonic  demonstrations,  each  designed  to  Illustrate  one  or  it 
aspects  or  musical  sound  and  Us  reproduction 


RANGE  OF  DEMONSTRATIONS 

The  recording  includes  the  foflowing.  Techniques  of  sopara 
end  multiple- sound  sources.  Acoustic  depth  .  The  ambia 
of  concert  hairs  Sharp  contrasts  of  dynamics..  Crosce 
Etnd  diminuendo  .  Very  high  and  very  low  pitched  mus 
sounds  Polyphony  [two  or  more  melodies  at  oncef  with  t 
similar  and  contrasting  instruments ...  Tonal  qualities  oJ  w 
string,  and  percussion  instruments.  Sounds  of  ancient  int 
merits  Sounds  or  oriental  instruments  ..Sound  of  lho  sms 
voice,  both  classically  irained  end  untrained  Plus  a  ft 
sampling  of  linger -snap  ping.  hand-dapping.  foot'Stamping. 
other  porcusjivfl  sounds 


THIRTEEN  SELECTIONS 

STRAUSS'  Festive  Prelude.  Op  St  (excerpt)  OGG.  DEBUS 
Feu*  d  artifice  (excerpt!  Connoisseur  Society  BEETHOV 
Wellington's  Victory  [Battle  Symphony),  (excerpt  irom  ihc 
movement)  Westminster  MASSAJNO-  Canrona  XXXV  a  16  (c 
plctol  DOG  Archive.  COAFlETTE-  Concerto  Comique  Op  fl, 
6.  Le  Plaisir  des  Damps"  (third  movement)  Connoisseur 
dely.  KHAN  Bag*  Chendrenandan  (excerpt)  Connoisseur  5 
ety  RODAlGO  Concert  -  Serenade  for  Harp  and  Orche 
(excerpt  1>om  Ifts  first  movement)  DGG.  MANlTAS  D5  PtA 
Gypsy  Rhumba  (comptetef  Connoisseur  Society.  MARCEL 
(arr  King)  Psalm  xvt H  "The  Heavens  arc  Tolling"  (conipt 
Connoisseur  Sociely  PRAETCRIUS  Terpsichore  La  Buu 
XXXit  [complete)  DGG  Archive  BERG'  Worjeck  iexcerpi  r 
Act  111)  DGG  BAHTQK  Sonsla  Tor  two  pianos  and  porous: 
(except  horn  ihe  first  movement)  Cambridge  BEETHOV 
Wellington's  Victory  (Battle  Victory!  (excerpt  from  the 
movement)  Westminster  33.1/3  RPM  _  #3C, 

45  RPM  -  #300U 
Cassette  -  #30012 


Created  specifically  for 
playback  thru  stereo 
headphones  . 


Pineal  iccording  re-creates  the  directions  distances,  , 
even  the  qi ovations  or  sounds  better  than  any  other  record 
method  The  super  -realism  of  binaural  recording  is  acci 
plishetf  by  re  cord  mg  the  acoustical  input  for  each  ear  se 
lately,  and  then  ploying  it  back  through  stereo  hearipnur 
Thus  the  sound  intended  fen  the  felt  eai  cannot  mix  with 
sound  for  the  right  ear,  and  vice  versa 

Binaural  recording  gKers  the  listener  the  identic^  accost 
per  spue  live  and  Inst  rum  eni  spread  o(  the  ongmai  Thu  so 
reaching  each  ear  is  exactly  She  same  as  would  have  b 
noa*tJ  at  the  irvp  scene 
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MAX  GENIE  OF  SINAURAL  RECORDING 

'Max  s  specially  constructed  dummy  head,  cast  in  51  lie 
rudbuL  duplicates  (ho  roic  or  mo  Human  head  as  an  acousi 
absorber  a. nd  reflector  of  sound.  Suppr- precision  capac 
microphones  were  installed  in  Max's  ears  so  that  each  mi> 
phono  would  pick  up  exactly  what  each  human  ear  wow'd  h 
The  result  is  a  demonstration  ol  phenomenal  recorded  sol 

STARTLING  REALITY,  The  record  ofiers  35  m mules 

sound  and  musrc  of  startling  reality.  Yog'll  marvef  at  Ihe  ee 
accuracy  with  which  direction  and  elevation  are  re-created 
you  embark  on  a  street  tour  in  binaural  sound-Sounds  Of  " 
Cuy  .  ,  Trains.  Planes  &  Ships  .  a  Basketball  Game 

Street  Parade,  a  Street  Fabrication  Plant  The  Bird  House 
the  Zoo -ail  demon 51  rating  ihe  incredible  realism  of  bmaii 
sound  reproduction. 

MUSIC  IN  BINAURAL.  The  musical  performances  tra 
port  you  to  Ihe  concert  nail  Tor  a  demonstration  ol  a  w 
variety  of  music  Selections  loiai  23  minifies,  and  include 
ample 5  of  pazr,  organ,  and  chamber  music. 

Although  Meadphphes  are  nocossary  to  appreciate  she  he 
total  realism  d  binaural  recording,  the  record  can  disc 
played  and  enioyed  on  conventional  stereo  systems  jt3t> 


HERE  S  HOW  TO  ORDER 

GASH;  Man  your  order  along  with  your  name,  address,  ■ 
remittance  in  ihe  amount  gf  56  95  lor  each  record  orde 
(SB  95  out  side  US  A  1  if  96  lar  tne  cassette  (S3  95  euts 
U  SA  |.  Residents  or  CA,  CO  DC.  FL  IL  Ml  MO.  NY  STA 
and  VT  add  applicable  sates  lax 

CHARGE  Your  American  Express,  Vt$A.  Master  Charge 
Diner;  Club  Account  Moil  your  order,  name,  address,  cie 
card  “  and  expiration  dale  (Master  Charge  customers 
etude  3-digit  mierbank  =  l  Be  sure  your  signature  15  on  y. 
order  You  wMl  be  pilled  al  the  prices  indicated  above 


ORDER  BY  #'S  LISTED  ABOVE. 

ORDER  FROM  STEREO  REVIEW  RECORDS  PO  BOX  ? 
Pft ATT  STATION  BROOKLYN  NY  11205 


Radio  Shack:  No.  1  Parts  Place 

Low  Prices  and  New  Items  Everyday! 


Top-quality  devices,  fully  functional,  carefully  inspected.  Guaranteed  to  meet  ail  specifications,  both  electrically  and  mechanically.  All  are  made 
by  well-known  American  manufacturers,  and  all  have  to  pass  manufacturer's  quality  control  procedures.  These  are  not  rejects,  not  fallouts,  not 
seconds.  In  fact,  there  are  none  better  on  the  market!  Always  count  on  Radio  Shack  for  the  finest  quality  electronic  parts! 


TTL  and 
CMOS  Logic  ICs 

Full-Spec  Devices  JH 
Direct  from 
Motorola  and  9 

National  Semiconductor 


SN-76477  Sound/Music 
Synthesizer  1C 

•4J&7  v.-  '-~v  - 


299 


Analog  Audio  Delay  1C 
MN  3002 


1095  W* 


Heat  Sinks 


Featured  in  Oct. 
Popular  Electronics 


1 


Creates  almost  any  type  of  sound  — 
musicto  “gunshots!"  Built-in  audio  amp. 
Includes  2  VCO's,  LF  osc.,  noise  gen,, 
filter,  2  mixers,  envelope  modulator,  logic 
circuit.  28-pin  DIP.  With  data/appli¬ 
cations  circuits.  276-1765  .  2.99 


For  Phase-Shifter, 

Reverb  &  Delay  Circuits 

Bucket  Brigade"  device  uses  512  shift 
registers  to  provide  a  continuously  vari¬ 
able  electronic  delay  for  complex  audio 
signals.  Includes  data  sheet  and  appli¬ 
cations  circuits.  276-1760  .  10.95 


13  TO-220.  For  PC  board-mounted 
power  semiconductors  in  TO-220 
cases.  Anodized  aluminum. 

276-1363  .  79C 

GEI  TO-3  Sink.  For  PC  or  chassis  mtg. 

276-1364  .  1.39 

E)  Universal.  Mounts  2  devices,  ac¬ 
cepts  9  case  styles.  276-1361  ....  2.69 


Top-Quality  1C  and  PCB  Accessories 

■a mm0y 


Project  Boxes 


is 


nafc  aj  /  it-.-  ©  ^ 

ffl  PC  Board.  Mounts  two  14  or  16-pin  ICs  or  sockets  for  bread  boarding. 

Copper  clad.  2V2x5xlVt«  276-151  .  .  2.99 

®  PC  Board.  Mounts  single  14  or  16-pin  1C  or  socket 

276-024  .  Pkg.  of  2/99C 

03  16-Pin  1C  Test  Clip.  276-1951  .  .  3.99 

[d|  16-Pin  DIP  Header.  With  snap-on  cover.  276-1980  .  1.29 

[ij  8-Rocker  16-Pin  DIP  Switch.  276-1301  .  1.99 

[?]  Vertical  16-pin  Socket.  For  LED  displays  276-1986  .  1.49 

m  16-Pin  DIP  Jumper  Cable.  18"  long  276-1976  .  ......  3.99 


Aluminum 

Cover 

The  popular, 
low-cost  way 
to  house  your 
electronic  ex- 
periments.  ^ 

3V4X2’/#X11V:  270-230  . 
4X2V4X2V41:  270-231  ... 
5Vt«x2%x1*':  270-233 
6V«x3V4x2  1  270-627  . . . 
7V4x4%x2%’:  270-232  . 


Miniature 
Hobby  Motors 


& 


High-torque  permanent 
magnet  type.  Vis'dia.  shaft. 
S  12V DC.  350mA.  2x13A6". 

273-210  .  69C 

m  6-9VDC.  500mA.  1%x%'! 
273-209  . Pkg.  of  2/99C 


8080A  Microprocessor 
and  Support  Chips 
New  — 100%  Prime 


[3  4cm  x  2cm.  Silicon-type  cell  converts 
light  to  electrical  power,  delivering  up  to 
100  mA  at  0.5V.  Use  several  in  series- 
parallel  for  higher  voltage  or  current. 

276-120  . .  2.99 

®  2W  Round.  Highly  efficient  silicon  cell 
delivers  up  to  400  mA  at  0.5V.  Ideal  for 
solar  power  projects,  battery  charging. 
276-121  . . . . .  5.99 


Molded  nylon  body.  Each  circuit  rated  8A  @ 
250V.  Standard  .093”  pin  diameter. 

H  4-Pin  Male.  274-224  .  .  99C 

6-Pin  Male.  274-226  .  .  ...  1.19 

9-Pin  Mate.  274-229  ..1.39 

12-Pin  Male.  274-232  1.49 

G0  4-Pin  Female.  274-234  . . 99C 

6-Pin  Female.  274-236  1.19 

9-Pin  Female.  274-239  ...  . .  1.39 

12-Pin  Female.  274-242  .  1-49 

2-Pin  Male  &  Female.  (Not  Shown.) 

274-222  . Pair  89C 


8080A  Microprocessor.  2  cycle  time. 

276-2510 .  •  12.95 

8208  Bus  Driver.  B-bit  bidirectional. 

276-2508 .  5.95 

8154  128X8-BH  RAM  I/O.  40-pin  DIP. 

276-2511 .  9-95 

8212  I/O  Port.  Data  latch  and  buffer. 

276-2512.. .  4.95 

8224  Clock  and  Generator  Driver. 

276-2524 . 3.95 

8228  System  Controller  and  8us  Driver. 
276-2528.  . .  6-95 

8251  Programmable  Communica¬ 
tion  Interface.  276-2551 .  9.95 

6255  Programmable  Peripheral  Inter¬ 
face.  276-2555.  .  ..  9.95 


RAM  Memory  ICs 

Under  450  nS  Access  Time 
2102  1024  x  1  Array.  Low-cost  static 
memory  chip.  16-pin  DIP.  Buy  8  and 
save! 

276-2501  ,  ,  2.49  Ea.  or  8/14.95 

2114L  1024  x  4  Array.  NMOS  static 
RAM.  18-pin  DIP. 

276-2504 . .  12.95 


i  Modular  boards  snap  together  and  feature  standard  0.3"  center. 

Accept  22  through  30-gauge  solid  hookup  wire. 

.  El  550  connections  in  2  bus  strips  of  40  tie  points  each  with  47  rows 

of  5  connected  tie  points.  2Vax6".  276-174  . .  9.95 

(U  270  connections  in  2  bus  strips  of  40  tie  points  each  with  23  rows 

of  5  connected  tie  points.  2Vbx3%"  276-175  .  •  •  5.95 

m  Mini-Socket.  22  rows  of  5  tie  points  each,  plus  2  bus  strips  with  10 
connections  each.  2Vex17/a '.  276-176.  Reg.  $3.95  ...  -  Sale  2.99 


E  Bezel  with  Lens.  Special  high  contrast  ^ ^ 

filter  for  LED  displays.  39/iexr  lens  opening. 

270-301.  Reg.  $3.95 .  . .  - . Sale  3.49 

GO  Deluxe  Display  Case.  Sleek  molded  case  with  red  lens  — 
mount  up  to  four  0.6”  or  eight  0.3"  LED  digits.  With  bracket. 

1  13/i6x37/bx47/i6w.  270-285.  Reg.  $3.95 . Sale  2.99 

Ca  MA  1003  Clock  Case.  For  automotive  clock  modules.  Ac¬ 
cepts  3  pushbutton  switches  (not  included).  With  bracket,  blue 
lens.  3V2x2Vax2".  270-303  . . . .  5.95 


Bf 


Computer  Data  Manuals  and 
Semiconductor  Handbook 

®  Intel'  0080/8085  Programming  Manual.  Handy  ref¬ 
erence  for  programming  with  Intel's  assembly  lan¬ 
guage.  62-1377  . .....3.95 

®  Intel  Memory  Design  Handbook.  Explains  use  of 
Intel’s  memory  components  and  support  circuits  in 

systems.  62-1378  .  3.95 

E  Intel  Data  Catalog.  928  pages  of  specifications  on 
most  of  Intel's  standard  microcomputer-related  prod¬ 
ucts.  62-1379  4.95 

BO  Semiconductor  Reference  and  Application  Hand¬ 
book.  Complete  specs  and  applications  for  popular  1C 
transistors,  diodes.  276-4002  Reg.  $1.95  . ,  .  Sale  99C 


MC14553  3-Digit 
BCD  Counter  1C 
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WHY  WAIT  FOR  MAIL  ORDER  DELIVERY? 
IN  STOCK  NOW  AT  OUR  STORE  NEAR  YOU! 


Prices  may  vary  at  individual  stores  and  dealers 


Radio  /hack 

A  DIVISION  OF  TANDY  CORPORATION  *  FORT  WORTH,  TEXAS  76102 
OVER  7000  LOCATIONS  IN  NINE  COUNTRIES 


CMOS  chip  replaces  over  8 
separate  IC's  in  a  digital  display 
circuit.  Input  pulse  shaping, 
master  reset  pin,  16-pin  DIP. 
276-2498  .....  . . . .  2.99 


MARCH  1979 


101 


Transistor  Checker 

g—  Completely  Assembled  — 

—  Battery  Operated  — 

The  AS  I  Transistor  Checker  is  cap¬ 
able  of  checking  a  wide  range  of 
transistor  types,  either  "in  circuit" 
or  out  of  circuit.  To  operate, 
simply  plug  the  transistor  to  be 
checked  into  the  front  panel 
socket,  or  connect  it  with  the  alli¬ 
gator  clip  test  leads  provided. 
The  unit  safely  and  automatically 
identifies  low,  medium  and  high 
power  PNP  and  NPN  transistors. 
Size:  3%"  x  6%"  x  2" 

Y  \  "C"  cell  battery  not  included. 

I  '  Trcms-Check  $29.95  ea. 


Custom  Cables  &  Jumpers 


DB  25  Series  Cables 


Part  No. 

Cable  Length 

Connectors 

Price 

DB25P-4-P 

4  Ft. 

2-DP25P 

S15.95  ea. 

DB25P-4-S 

4  Ft. 

1-DP25P/1 -25S  S  16.95  ea 

DB25S-4-S 

4  ft. 

2-DP25S 

S17.95  ea. 

Dip  Jumpers 

DJ14-1 

1  ft. 

1  14  Pin 

SI. 59  ea. 

DJI  6-1 

1  ft. 

1*16  Pin 

1,79  ea. 

DJ24-1 

1  ft. 

1-24  Pin 

2.79  ea. 

DJI  4- 1 -14 

1  ft. 

2-14  Pin 

2  79  ea, 

DJ16-1-16 

1  it. 

2-16  Pin 

3  19  ea. 

DJ24-1-24 

1  ft. 

2-24  Pin 

4  95  ea. 

For  Custom  Cables  &  Jumpers.  Sea  JAMECO  1979  Catalog  lor  Pricing 

CONNECTORS 

25  Pin-D  Subminiature 


OB25P  (as  pictured)  PLUG  (Meets  RS232)  $2.95 

DB25S  SDCKET  (Meets  RS232)  $3.50 

DB5 1226-1  Cable  Cover  for  DB25P  or  DB25S  $1.75 

PRINTED  CIRCUIT  EDGE-CARD 

156  Swing -Tm-OeuMi  Re»J-0ot  -  Minded  Comacrt  -  Fits  OM  to  070  P.C  Cate: 

15/30  PINS  (Solder  Eyelet)  $1.95 

i  IB/36  PINS  (Solder  Eyelet)  $2.49 

22/44  PINS  (Solder  Eyelet)  S2.95 

50/100  (.100  Spacing)  PINS  (Wire  Wrap)  56.95 

50/100  (.125  Spacing)  PINS  (Wire  Wrap)  R681-1S6.95 


- -SMOA/aMOA  SUPPORT  DEVICES - 

S080A  CPU  S  1 

8212  B  -Bil  Input  (  Output  I 

6214  Priority  Interrupt  Control  1 

8216  Bi-Diredional  Bus  Driver 

8224  Clock  GeneratoriDriver 

8226  Bus  Ortver 

8228  System  CoiHioller/Bus  Oliver  I 

8238  System  Controller  I 

8251  Prog  Comm  1/0(USART) 

8253  Prog  Interval  Timer  1 

8255  Prog  Periph  IrO(PPI) 

8257  Prog  DMA  Control  1 

0259  Prog  Interrupt  Control  1 

- 6800/88 DO  SUPPORT  OEVICES - 

MC6800  MPU  $1 

MC6802CP  MPU  with  Clock  and  Ram  2 

MC6810API  128*8  Static  flam 

MC6621  Periph  Inter  Adapt  (MC6820) 

MC662B  Priority  interrupt  Controller  1 

MC6830LB  1024X8  Bit  RDM  (MC68A30-8)  1 

MC6650  Asyncmonous  Comm  Adapter 

MC6852  Synchronous  Serial  Data  Adapt 

MC6BG0  0-600  bps  Oigiial  MODEM  1 

MC6862  2400  bps  Modulator  1 

MC68B0A  Quad  3-State  Bus  Trans  (MC8T26I 

- MICROPROCESSOR  CHIPS— MISCELLANEOUS- 

Z8CH7B0C)  CPU  SI 

ZBOA(70O-1)  CPU  i 

CDP1802  CPU 

2650  MPU 

8035  8 -Bit  MPU  w/clock.  RAM.  1/0  lines 

PB085  CPU 

TMS9900JL  16-Bit  MPU  w/fiardware.  multiply 

&  divide 

MM500H  Dual  25  Bit  Oynamtc 

MM503H  Dual  50  Bit  Dynamic 

MM504H  Dual  16  Bit  Static 

MM506H  Dual  100  Bit  Static 

MM51DH  Dual  M  Bit  Accumulated 

MM5016H  500/512  Bit  Dynamic 

2504T  1024  Dynamic 

2518  Hax  3?  Bit  Sialic 

2522  Dual  132  Bit  Static 

2524  512  Static 

2525  1024  Dynamic 

2527  Dual  256  Bit  Static 

2528  Dual  250  Static 

2529  Dual  240  Bil  Static 

2532  Quad  80  Bu  Static 

2533  1024  Static 

3341  Frto 

74LS670  4X4  Register  hie  (TriStata) 

- uAJirs - 

A  Y-5  101 3  Mi  BAUD 


•  0.4  volts 

•  100mA 

•  41  MW 


Solar  Cells 
2x2cm 


Can  be  added  in  series  for 
higher  voltage  or  parallel  for 
higher  current. 

#SC  2x2  $1.95  ea.  or  3/S5.00 


Magnetically 

Activated 

Switch 

The  9250-0002  It  a  single 
pole  normally  closed  switch. 
When  the  magnet  It  engaged, 
the  circuit  Is  open,  This 
switch  It  only  suitable  for  use 
In  non-magneilc  doors  and 
windows. 


AC  Wall  Transformer 


)R  COMPONENTS 

- MICROPROCESSOR  MANUALS- - 

M-ZB0  User  Manual 

M -CD PI 802  User  Manual 

M-2650  User  Manual 

$7.50 

750 

500 

2513(2140) 

Character  Generate  r(upper  case) 

$9.95 

2513(3021) 

Character  Generate  r(lqw*r  case) 

995 

2516 

Character  Generator 

10.95 

MM5230N 

204B-BH  Read  Only  Memory 

1.95 

1101 

256X1 

Sialic 

SI  49 

tttn 

1024X1 

Oynamtc 

99 

2101(0101) 

256X4 

Slaw 

3  95 

2102 

1024X1 

Static 

1.75 

21L02 

1024X1 

Sialic 

1,95 

2111(8111) 

256X4 

Static 

395 

2112 

256X4 

Static  MOS 

4  95 

2114 

1024X4 

Suite  450ns 

9.95 

2114L 

1024X4 

Static  450ns  low  power 

10.95 

2114-3 

1024X4 

Static  300ns 

ID  95 

2114L-3 

1024X4 

Static  300ns  low  power 

11.95 

5101 

256X4 

Static 

795 

5280/2107 

4096X1 

Dynamic 

4.95 

7489 

16X4 

Static 

1  75 

743200 

256X1 

Static  Tnstate 

495 

93421 

256X1 

Static 

2.95 

UP0414 

4k 

Dynamic  16  pm 

495 

(MK4027I 

UP0416 

16K 

Dynamic  16  pm 

14.95 

(MK4116) 

TMS4044- 

4K 

Static 

14  95 

45NL 

TW54W5 

1024X4 

Static 

14  95 

2117 

16.384X1 

Oynamic  350ns 

9.95 

(house  marked) 

MM5262 

2XX1 

Dynamic 

4/t.OO 

1702A 

2048 

FAMOS 

$5  95 

TMS2516 

16K- 

EPROMtlnWI  2716) 

49  95 

•Riqulttt  single  +5V  power  supply 
4KX6  EPROM 

8K  EPROM 

W’  EPROM 

equires  3  voltages,  — SV,  ±5V.  -12V 
2MB  FAM0S 

i  1024  Tristale  Bipolar 

i  256  Open  C  Bipolar 

32X0  Open  Collector 

4096  Bipolar 

32X8  Tristate 

512  TTL  open  Collector 

256  TTL  Open  Collector 

1024  Static 


POWERACE  101  -General  purpose  model  for 
prototyping  all  types  of  circuit. 

#923101  $  84.95 

POWERACE  102  -Complete  digit  prototyping  lab 
with  built-in  logic  probe 
#923102  $114.95 

POWERACE  103  -Triple-output  power  supply 
for  prototyping  both  linear  and  digit  circuits. 


NEW!!  IN  STOCK... 

Q  POWERACE 

ALL-CIRCUIT 

EVALUATORS  WITH  POWER 

•  1680  soMerless.  plug-in  tie  points  will  hold  up  lo  16 

14-pin  DIP'S. 

•  Breadboard  elements  accept  all  DIP  sizes  including 
RTL.  DTI,  TTL  and  CMOS  devices  TO-5  s  and  dis¬ 
cretes  with  leads  up  to  ,032"dia 

•  All  connections  to/lrom  switches,  indicators,  power 
supplies  and  meters  are  made  via  soiaerless.  plug-in. 
tie-point  blocks  on  control  panels 

l  for  •  Interconnect  with  any  solid  20  lo  30  AWG  wire, 

•  Breadboard  elements  are  mounted  on  ground  plane - 
.  Q-  s  ideal  lor  high-frequency  and  high -speed/low-noise 

circuits 

g  iab  •  Short-circuit-prool  (used  power  supplies, 

•  Operate  on  110  lo  130  VAC  at  60  Hz 

igc  •  Space-age  compact  styling  and  high-grade  compo- 
*  ,  nents  permit  convenient,  organized  and  quick  prototyp- 
'PPiy  mg 

IS.  •  All  models  are  7  5  wide  11  S'  deep  and  4  0  high 
1.95  (rear!  0,75  nujn  (Iront)  and  wmgn  approx  2  5  lbs 


The  Incredible 
Pennywhistle 

$139.95„«T^-J:i 

The  Pennywhistle  103  is  capable  o!  recording  data  to  and  from  audio  tape  without 
critical  speed  requiremenis  lor  the  recofder  and  «  is  able  to  communicate  directly  win 
.-another  modem  and  terminal  lor  leleptiont  bamming  and  communications  In 
addition,  ms  tree  otciilical  adjustments  and  is  Ouillwiin  non-precision,  readily  available 

OauNrajwnluion  Method . Frequency -Slutt  Keying,  tun-duplex  [haif-dUplex 

selectable) 

Maximum  Data  Rita . 300  Baud 

Data  Formal . Asynchronous  Serial  trelum  to  mara  level  required 

between  each  character) 

Receive  Channel  Frequencies  . .  .2025  Hz  tor  space.  2225  Hz  far  mark. 

Transmit  Channel  Frequendei  ..Switch  selectable.  Low  (normal)  =  1070  space. 

1270  mark.  High  025  spice.  2225  mark 
Receive  Seniithrity ..............  46  dbm  accousucally  coupled 

Transmit  Level  . .  15  dbm  nominal  Adjusiable  Irom  6  dbm 

to  -20  dbm 

Receive  Frequency  Tolerance  ...Frequency  reference  .idiomatically  adjusts  to 
allow  lot  operation  between  1600  Hz  and  2400  Hz 
Digital  Data  interlace . ElA  RS-232C  or  20  mA  current  loop  (receiver  >s 

ootoisolated  and  non-poiau 

Power  Requirements  . 120VAC  single  phase,  to  Watts 

Physical .  . ah  components  mount  on  a  single  5'  by  9' 

punted  circuit  board  Ail  components  included 
neo  Hires  a  VQV  AuJio  Oscillator  frequency  Counter  and  or  Oscilloscope  to  align 


TRS-80  16K  Conversion  Kit 

Expand  your  4K  TRS-80  System  to  16K.  Kit 
comes  complete  with: 

*  8  each  UPD416  (16K  Dynamic  Rams) 

*  Documentation  for  conversion 

TRS-16K  $115.00 

Special  Offer  -  Order  both  your  TRS-16K  and  the 
Sup'R’  MOD  II  Interface  kit  together  (retail  value 
$144.95)  for  only  $139.95 


COMPUTER  CASSETTES 

M*  6  EACH  15  MINUTE  HIGH 
QUALITY  C-15  CASSETTES 
*  PLASTIC  CASE  INCLUDED 
12  CASSETTE  CAPACITY 
*  ADDITIONAL  CASSETTES 
AVAILABLE  #C-15*$2.50  ea 


cas -6 

$14.95 

{  * . .  ^ .  (Case  and  6  Cassettes) 


ideal  lor  use  with 
clocks,  power 
supplies  or  any 
other  type  of  AC 
application. 


Part  No.  Input  Output  Price 

AC  250  11 7V/60Hz  12  VAC  250mA  $3.95 
AC  500  117V/60HZ  12  VAC  500mA  $4.95 


Regulated  Power  Supply 

*  Uses  LM  309K 

*  Heat  sink  provided 

*  P.C.  board  construction 

*  "7^  *  Provides  a  solid  1  amp  Cn 

-  w 

*  Includes  components, 
TKJfft  hardware  and  instructions 

*  Sizes:  3-1  /2"  x  5"  x  2"  high 

JE200  $14.95 


INSTRUMENT/CLOCK  CASE 


This  case  is  an  injection  molded 
unit  that  is  ideal  for  uses  such 
■  as  DVM.  COUNTER,  or  CLOCK 
cases.  It  has  dimensions  of  4  W 
in  length  by  4”  in  width  by 
1-9/16"  in  height.  It  comes 
complete  with  a  red  bezel. 


A  • 

f  ^  %  Tt 

Model  2800 
$99.95 

Ctm«  with  test 
leads  operating  ttvihuji 
ana  spare  luse 


3Vz- Digit  Portable  DMM 

•  Oveiload  Protected 

•  3  high  LEO  Display 

•  Battery  or  AC  operation 

•  Aujq  2tm«ig 

•  tmv  IVa  0  t  onm  resolution 

•  Overall ge  wading 

•  10  meg  input  impendence 

•  DC  Accuracy  1%  typical 
Rang**;  DC  voltage  -O  UMOV 
AC  Voltage  Q-tOOOV 

Freq  Response  50-400  H2 
QC/AC  Currtni  O-tOOmA 
Resistance  010  meg  ohm 
Size  6  4  x  4  4  i  T 

Accessories: 

AC  Adapter  BC-2B  $9,00 
Rechargeable 
Batteries  BP-26  20.00 


Carrying  Case  LC-28  7.50  I  use  no  v  ac 


ioomhz 

s-Digit 

C0»ri*MTM  lMd«lt*«|  OMFOlIttOF  ^ 

•  20  hz- too  mhz  Range  Counter 

•  6'  LED  Display  •  Four  power  sauces  1  e 

•  Crystal  -controlled  iimebas*  batten* s.  1 10  or  220V  with 

•  Fully  Automatic  charger  12V  with  auto 

.  Portable  -  completely  lighter  adapter  and  external 

sell -contained  7  2-t0V  power  supply 

.  to-' 75  . $134  gg 

mg 

ACCESSORIES  FOR  MAX  100: 

Mobile  Charger  Eliminator 

use  power  Irom  car  battery  Model  100  —  CLA  $3.95 

Charger/Ellmlnalor 


SUP  ’R’  MOD  II 

UHF  Channel  33  TV  Interlace  Unit  Kit 

Wide  Band  B/W  or  Color  System 

f-  *  Converts  TV  to  Video  Display  ror 

home  computers,  CCTV  camera, 

I  Apple  It,  works  with  Cromeco  Daz- 

;  zler,  SOL-20,  IRS-80.  Challenger. 

+  MOD  II  is  pretuned  to  Channel  33 
(UHF). 

£  4-  includes  coaxial  cable  and  antenna 

transformer. 

MOD  II  $29.95  Kit 


RS-232  CONTROL  CENTER 

Plug  in  your  modem,  computer 

prom  programmer, 

terminal,  printer,  etc.  ^ 

and  selectively  control  ***’  **** 

data  flow. 

•  Same  Contour  as  ‘Pennywhistle  103'  • 

•  Totally  sett- contained  *  *  •* 

•  Indudes  2  master  pons  and  3  slave  ports 

PART  NO,  ton  nc  j 

RS-232CC  $89.95  mi  Mir  L— I 


Ideal  for  use  with  the  TRS  80 
and  others, 

' ‘Plug /Jack  interface  to  any 


CASSETTE  CONTROLLER 


Modii  mo  -  cai  $9.95  I  computer  system  requiring  — 


Mini-Max  6  Digit  5QMHz  Frequency  Counter! 


computer  system  requiring 
remote  control  of  cassette 
functions" 

_  _  „  .  .  The  CC100  controls  cassette 

„  ,  motor  functions,  monitors 

•  Guaranteed  frequency  range  of  100  Hz  to  50  MHz  tape  location  with  its  internal 

•  full  6  digit  display  with  antiglare  window  speaker  and  requires  no 

•  Fully  automatic-range,  polarity,  slope,  trigger,  input  level  switching  not  required  power.  Eliminates  the  plugging 

•  Lead-zero  blanking — All  zeros  lo  the  left  of  the  first  non-zero  digit  are  blanked  Kilo  Hert2  anC)  unplugging  of  cables  dur- 

and  Mega  Hertz  decimal  points  automatically  light  up  when  the  unii  is  turned  on  mg  computer  loading  opera- 

•  Built  in  input  overvoltage  protection.  tlon  ff0m  cassette 

•  Use  9V  Battery  or  11Q/220V  power. 

•  Lightweight  —  Only  8oz.  MINI-MAX  $89.95 


Accessories  For  Mini-Max 


$5.00  Minimum  Order  -  U.S.  Funds  Only 
California  Residents  -  Add  6%  Salas  Tax 


Description  Price 

Antenna  S  3.95 

Carrying  case 
Input  cable  with  dip  leads 
110V  adapter 
220V  adapter 


Spec  Sheets  -  254 

1979  Catalog  Available— Send  41  c  stamp 


$89.95  63-Key  Unencoded  Keyboard 


.PART  NO:  IN-CC  $3.49  each 


gS#Jameco  j 

MAIL  ORDER  ELECTRONICS  -  WORLDWIDE 
1021  HOWARO  AVENUE.  SAN  CARLOS,  CA  94070 
ADVERTISED  PRICES  GOOD  THRU  MARCH 


ELECTRONICS 


PHONE 
ORDERS 
WELCOME 
(415)  592-8097 


This  is  a  63-key ,  terminal  keyboard  newly  manufactured  by  a 
large  computer  manufacturer.  It  is  unencoded  with  SPST  keys, 
unattached  to  any  kind  of  PC  board.  A  very  solid  molded  plastic  13 
x  4"  base  suits  most  application.  IN  STOCK  §29  95 /each. 


Hexadecimal 

Unencoded 

Keypad 

19-key  pad  includes  1-10  keys 
ABCDEF  and  2  optional  keys  and  a 
shift  key.  $1 0.95/each 


102 


POPULAR  ELECTRONICS 


SN74O0N  .16 
SN740TN  10 
SN74Q2H  .10 
SN74G3*  .10 
SWCHN  10 
SN7405N  .20 
SN7406N  29 
SN74Q7N  .29 
SN7406N  .20 
5N74Q9N  .20 


SN7412N  25 

SN7413N  .40 

SN7414N  TO 

SN7416N  .25 

SN7417N  .25 

SN7420N  .20 

SN7421N  .29 

SH7422H  .39 

SN7423N  2S 

SW7425N  ,29 

SN7426N  29 

SN7427N  25 

SN7429N  .39 

SN7430N  20 

SN7432N  ,25 

SN7437N  25 

SN7430N  .25 

SN7439N  25 

SN7440N  20 

SN7441N  SB 

SW7442N  49 

SN7443N  75 

5N7444N  .75 


SN7447N  .59 

SN7440N  .79 

&M7450N  .20 

SN7451N  .20 

SN7453N  .20 

SN7454N  .20 

SN74  59A  .25 

5N  7460N  .20 

20%  Oiicounl  100  pcs 


7400  TTL 

SN7470N  ,29 

SN7472N  .29 

SN7473N  ,35 

SN7474N  35 

SN7475N  49 

SN7476N  .35 

SN7479N  5.00 

SN7480H  .50 

SN74B2N  .99 

SN7403N  .59 

SN7485N  79 

SN7406N  .35 

SN74B9N  1 75 

SH7490N  45 

SN7491N  59 

SN7492  N  43 

SN7493N  .43 

SN7494N  65 

SN7495N  65 

SN7496N  .65 

SN7497N  3.00 

SN741MW  69 

SN74I07N  35 

SJJ74109N  .59 

SN74116N  1.95 

SN74121N  35 

SN74122  N  39 

SH74123N  49 

SN74I25N  49 

SK74126N  49 

SN74132N  75 

SN74I36N  75 

SN74141N  79 

SN74I42N  2.95 
SN74143N  2.9fi 

SN  74 1 4-4  N  2.95 

SN74145N  79 

SN74I47N  1.95 

SN74140H  1.29 

SN74150N  69 

SN7415IN  59 

SN74152N  59 

SN741S3N  59 

SN74  1  54N  .99 

SN74155N  .79 

SN74156N  79 

SN74I57N  65 


Keyboard  Encoder  (16  keys)  9.95 

ICM  CHIPS 

ICM7CW5 

CMOS  Precision  Timer 

24.95 

ICM7205 

CMOS  LED  Slopwatch/Timer 

19.95 

1CM7207 

Oscillator  Controller 

7.50 

ICM7208 

Seven  Decade  Counter 

19.95 

ICM72Q9 

Clock  Generator 

6.95 

NMOS  READ  ONLY  MEMORIES 

MCM6571 

128  X  9  X  7  ASCII  Shitted  with  Greek 

13.50 

MCM6574 

128  X  9  X  7  Math  Symbol  &  Pictures 

13.50 

MCM6575 

128  X  9  X  7  Alphanumeric  Control 
Character  Generator 

13.50 

DISCRETE  LEDS 

.200*  dll. 

XC556R  red  5/SI 

XC556G  green  4/SI 

XC556Y  yellow  4/SI 

XC556C  clear  4/SI 

.200*  dla. 

XC22R  red  5/Sl 

XC22G  green  4/SI 

XC22Y  yellow  4 /SI 

.170’  dll. 

MV10B  red  4/SI 

.089*  dla. 

MV50  red  6/SI 

INFRA-RED  LED 
1/4"x1/4"x1/16"  flat 
5/SI 


.129"  dll, 
XC209R  red 
XC209G  green 
XC209Y  yellow 

.189"  dla. 

XC526R  red 
XC526G  green 
XC526Y  yellow 
XC526C  clear 

.190"  dla. 
XC111R  red 
XClilG  green 
XC111Y  yellow 
XC111C  clear 


TIMEX  HOOT 

LIQUID  CRYSTAL  DISPLAY 

MfcLO  EfFECT 


88:68 


A  DIGIT  -  .6'*  CHARACTERS 
THREE  ENUHCIATORS 
2.00"  X  1.20-  PACKAGE 
INCLUDES  CONNECTOR 

TIDOI-Tranuntuivi  S7.95 

T1001  A-Reflective  B.25 


TL074CN  Quad  Low  Noise  bi-fet  Op  Amp  2.49 

TL494CN  Switching  Regulator  4.49 

TL496CP  Single  Switching  Regulator  1.75 

11C90  Divide  10/1 1  Prescaler  19.95 

95H90  Hi-Speed  Divide  10/11  Prescaler  11.95 

4N33  Photo -Darlington  Opto-lsolator  3.95 

MK50240  Top  Octave  Freq.  Generator  17.50 

DS0026CH  SMhz  2 -phase  MOS  dock  driver  3.75 

TIL308  27"  red  num.  display  w/mteg.  logic  chip  10.50 

MM 5320  TV  Camera  Sync.  Generator  14.95 

MM5330  4V?  Digit  DPM  Logic  Slock  5.95 

LD110/11 1  3%  Digit  A/D  Converter  Set  25.00/sel 


UTRDNIX  ISO-LIT  1 

Photo  Transistor  Opto-lsolator 
(Same  as  MCT  2  or  4N25) 

2/990 


TV  GAME  CHIP  AND  CRYSTAL 

AY-3-8500-1  and  2.01  MHZ  Crystal  (Chip  &  (  ystal  _  n_  . 
indudes  score  display,  6  games  and  select  an  es,  etc  7.95/SB 


combined  order  25%  -1000  pci  combined 


C/MOS  SSS 


DISPLAY  LEDS 


C04Q70  55 

C04Q71  23 

CD4072  49 

C04076  1  39 

CO4O0T  73 

CD4Q62  23 

C04093  99 

C04098  2  49 

MCt4409  14  95 

MCI  44 10  14  95 

MC14411  U  95 

MC 14419  4  95 

MC  T4J33  19  95 

MCI  4506  75 

MC14507  99 

MC14562  14  50 


POLARITY  HT 

Common  Anode-red  270 

5  *  7  Dot  Mjlilx-red  300 

Common  Cathode -ted  125 

Common  Cathode-red  107 

Common  Anode-green  300 

Common  Anode -yellow  300 

Common  Anode -red  300 

Common  Cathode-red  300 

Common  Anode-yellow  ,300 

Common  Cathode -yellow  .300 

Common  Anode-orange  .300 

Com  mo- 1  Anode-orange  -:  1  300 

Common  Cathode-orange  .300 

Common  Anode-orange  300 

Common  Cathode-orange  400 

Common  Anode-red  400 

Common  Anode-red  *  1  400 

Common  Cathode-red  .400 

Common  Anode -yeltow  400 

Common  Cathode-yeiiow  400 

Common  Anode-orange-D  D  560 

Common  Anode-orange  ±  1  560 

Common  Cathode-orange -D.D.  .560 

Common  Cathode -orange  sr  1  560 

Common  Anode-onnge  560 

Common  Cathode -orange  560 

Common  Anodt-red-D  0  560 


POLARITY  HT 

Common  Anode-red  £  1  560 

Common  Camode-red-D  D  560 

Common  Calhode-ted  £  1  560 

Common  Anode-red  560 

Common  Cathode-red  560 

Common  Anode-red  £  1  300 

Common  Cathode-red  300 

Common  Anode-red  300 

Common  Cathode-red  500 

Common  Anode-red  600 

Common  Anode -red  si  630 

Common  Anode -red  600 

Common  Cathode-red  £  1  630 

Common  Catnode-red  600 

Common  Cathode-red  110 

Common  Cathode  250 

Common  Cathode  £  1  357 

Common  Cathode  357 

Common  CathoOe<FND500)  500 

Common  Anode  (FN05 10)  500 

Common  Anode-red  300 

Common  Anode-red  BOO 

Common  Cathode  red  800 

4  *  7  sgl  Orgit-RHOP  600 

4  a  7  Sgi  Digit  L  HOP  600 

Ovtrrange  charaaer  (rl)  600 

4  *  7  Sgl  Digit -Heaadeomal  600 


VOLTS  W 

3  3  400m 


LINEAR 

LM34OK-10  1  35 

LM340K-24  1  35 

LM340T-5  1  25 

LM340T-6  1  25 

LM34OT-0  1 25 

LM3J0T-12  1  25 

LM340T-15  125 

LM340T-18  1  25 

LM340T-24  1 25 

LM358N  t  00 

LM370N  1  95 

LM373N  3  25 

LM377N  4  00 

LM380N  t  25 

LM380CN  99 

LM381N  1  79 

LM382N  T  79 

NE50IN  8  00 

NE51QA  6  00 

NE529A  4  95 

NE531H/V  3  95 

NE536T  6  00 

NE540L  6  00 

NE544N  4  95 

NE550N  1  30 

VE555V  39 

NE556N  99 

NE560B  5  00 

NE5616  500 

NE562B  5  00 

KE565N-H  1  25 

NE56SCN  1  75 

NE567V/H  99 

NE570N  4  95 

LM703CN/H  69 

LM709N/H  29 


74LS00TTL 


LM710N  79 

LM711N  39 

LM723N/H  55 

LM733N  1  00 

LM739N  1  19 

LM741CN/H  35 

LM741-14N  39 

LM747NH  79 

LM748N,H  39 

LM1310N  2  95 

LM1458CN/H  .59 

MCI488N  195 

MC1489N  1  95 

LM1496N  95 

l  M 1556V  1  75 

MC174tSCP  300 

LM2111N  195 

LM290IN  2  95 

IM3053N  1  50 

LM30G5N  1  49 

LM3900N(340J)  49 
LM3905N  89 

LM3909N  1.25 

MC5558V  59 


RCA  LINEAR 

11 3T  2  T5  CA3082N 

123T  2  56  CA30S3N 

I35T  2  40  CA30B6N 

I39T  1  35  CA3089N 

W6N  1  30  CA3130T 

)59N  3  25  CA3140T 

)60N  3  25  CA3160T 

»0T  B5  CA3401N 
WIN  2  00  CA3600N 


CALCULATOR 

2  oo  CHIPS/DRIVERS 

1  60  MM5725  S2  ! 

05  MM5738  2 1 

3. 75  DM 8864  2  I 

t  39  OMB865  t  I 

1  25  OMB887 

1  25  DM8889 

49  9374  7  s«g 

3  50  C  A  LED  driver 


MM  5309 
35  MM5311 
05  MM5312 
00  MM53I4 
00  MM5316 
!5  MM53I8 
7C  MM5369 

MM5387  1  998A 


VOLTS  W 

1  100  PIV  1  AMP 

I  200  PtV  1  AMP 
I  400  PIV  1  AMP 
i  600  PIV  1  AMP 
i  600  PIV  1  AMP 
'  1000  PIV  1  AMP 
I  50  200m 

1  75  10m 

35  10m 

75  25m 

5  6  1» 

6  2  Iw 
6.8  tw 
8  2  Iw 


50  PIV  35  AMP 
tOO  PIV  35  AMP 
150  PIV  35  AMP 
200  PIV  35  AMP 
400  PIV  35  AMP 


1-24 

0  pin  LP  .117 
14  pin  IP  .20 
16  pm  LP  22 
10  pm  LP  .29 
20  pm  LP  .34 


1C  SOLDERTAIL  —  LOW  PROFILE  (TIN)  SOCKETS 

25-49  50-100  _ _  1-24 

.15  mim.  22  pm  IP  $  37 

pm  LP  .38 

21  20  28  |»n  LP  .45 

28  2  7  36  pm  LP  ® 

»  »  SOLDERTAIL  STANOAHO  (TIN)  40  P*  ^  63 

■m  28  pm  ST  S  .99 

25  22*5  !  S 

jj  M  40  pin  ST  1.53 

45  42  SOLDERTAIL  STANDARD  (GOLD) 

24  pm  SG  S  70 
■■■  28  pin  SG  1.10 

.32  .29  36  pin  SG  T-«S 

35  .32  40  pin  SG  1-75 


SCR  AND  FW  BRIDGE  RECTIFIERS 

15A  (o  40OV  SCHI2N1649) 

3SA«n  600V  SCR 

1.6A  (a  300V  SCR 

D-1  12A  tit  50V  FW  BRIDGE  REC 

0-3  T2A  <«  200V  FW  BRIDGE  REC 


so  TRANSISTORS  2N3904 

-30  2N3055  89  2N3905 

5/100  MJE3055  1.00  2N3906 

671-00  2N3392  571  00  2N4013 

6/1.00  2N3398  5/1  00  2N4123 


WIRE  WRAP  SOCKETS 
(GOLD)  LEVEL  «3 


22  prn  WW  j  95 
24  pm  WW  1.05 
28  pm  WW  1  40 
36  pm  WW  1.59 
40  pm  WW  i  75 


40409  1  75  PN3567 

40410  1.75  PN3568 

40673  1.75  PN3569 

2N910  4/1.00  MPS3638A 

2N2219A  2/100  MPS3702 

2K2221A  4/1.00  2N3704 

2K2222A  5/1 00  MPS37D4 

PN2222  PtalPC  7ft  00  2N3705 

2N2369  5/1  00  MPS3705 

2N2369A  4/1.00  JN3706 

M  PS 2369  5/1.00  MPS3706 

2N2484  4/1.00  2H3707 

2N2906  4/1.00  2N37I1 

2N29Q7  5/1.00  2N3724A 

PN2907  Ptasiic  7/t  00  2N3725A 

2N2925  5/1  00  2N3772 

MJE2955  1  25  2N3B23 

2  N  3053  2/1  00  2N3903 


5/1  00  MPS3705 

4/1  00  2N3706 


5..  1  00  2N5088 

5/1  00  2N  5089 

51  00  2N5129 

5100  PN5134 

65  PN5138 

1  00  2N5139 


1/4  WATT  RESISTOR  ASSORTMENTS  -5%iCAPACIM 


ASST.  1 

5  ea 

10  OHM 
27  OHM 

12  OHM 
33  OHM 

15  OHM 
39  OHM 

10  OHM 
47  OHM 

22  OHM 

56  OHM 

50  PCS 

$1.75 

60  OHM 

02  OHM 

100  OHM 

120  OHM 

ISO  OHM 

1.75 

ASST.  2 

5  ea 

tan  ohm 

220  OHM 

270  OHM 

330  OHM 

390  OHM 

50  PCS 

470  OHM 

560  OHM 

MO  OHM 

OHM 

U 

1.75 

ASST.  3 

Sea. 

l  ?K 

1.5* 

1.8K 

?K 

2,n 

50  PCS 

3.3* 

3.9k 

4  7k 

5.6k 

6.8k 

1.75 

ASST.  4 

5  ea 

0  2K 

10* 

12K 

15k 

10k 

50  PCS 

22* 

27ri 

33tt 

19* 

S*k 

1.75 

ASST.  5 

5  ea 

56* 

68* 

82* 

100* 

•20k 

50  PCS 

150* 

180* 

220* 

270k 

330k 

1.75 

ASST.  6 

5  ea 

390* 

470K. 

S60K 

600k 

820K 

50  PCS 

1M 

1.2M 

1  5M 

1.8M 

2.2M 

1.75 

ASST.  7 

5  ea 

2.7M 

3.3M 

3.9M 

4  rM 

5  6M 

50  PCS 

ASST.  8R 

includes  Resistor  Assortments  1  -7  (350  PCS  ) 

$9.95  ea 

CORNER 

13.  IMS  Mi 

TS  M  .035 


S5.00  Minimum  Order  -  U.S.  Funds  Only  Spec  Sheets  -  25* 

California  Residents  -  Add  6%  Sales  Tax  1979  Catalog  Available — Send  41 C  stamp 

lameco  °p^eNrEs 

I  ^  WELCOME 

(415)  592-8097 


05  04  03  OOIjjiF  ^  3M  .035 

.05  04  03  OQ47„F  .05  ,04  .035 

.05  04  03  .01  jaF  -05  .fJ  .035 

05  .  04  03  022>jF  06  ,fi  .04 

05  04  03  047Mf  06  .15  ,04 

05  04  035  VF  12  09  075 

100  VOLT  MYLAR  FILM  CAPACITORS 
.12  10  07  022ml  13  .11  08 

.12  10  07  047ml  .21  ,17  13 

.12  .10  07  1ml  27  .23  17 

.12  10  07  22mt  33  .27  .22 

+M%  DIPPED  TANTALUMS  ISOLtOI  CAPACITORS 

28  23  17  1  5-35V  30  26  21 

.28  23  17  2  2  25 V  31  27  22 

a  23  17  3.3-25V  31  .27  .22 

.28  .23  17  4  7 '25V  32  .20  23 

.20  23  17  6.8.25V  36  .31  .25 

.28  23  17  10' 25V  40  .35  29 

.28  23  17  15  25V  63  50  40 

MINIATURE  ALUMINUM  ELECTROLVT1C  CAPACTORS 
Aai»i  Lead  Radial  Lead 

15  13  10  .47 (25V  15  13  10 

16  .14  .11  47r50V  16  .14  11 

14  .12  .09  1 .0/1 BV  15  13  .10 

15  .13  ID  1.0/2SV  16  .14  .11 


ameco 


ELECTRONICS 


MAIL  ORDER  ELECTRONICS  -  WORLDWIDE 
1021  HOWARD  AVENUE.  SAN  CARLOS.  CA  94070 
ADVERTISED  PRICES  GOOD  THRU  MARCH 


15  13  10  1.0/50V 

16  .14  12  4.7/16V 

17  .15  12  4  7 /25V 


.24  ,20  18  10/50V 

35  30  28  47/50V 

32  .28  25  lOOrtSV 

45  41  .38  1  00,25V 

.33  .  29  27  100/ 50V 

5S  .50  ,  45  220/1 6V 

70  .  62  .  55  470/25V 


15  13  to 

16  14  .11 

14  12  09 

15  .13  .10 

16  14  12 

.24  21  19 

19  15  U 

24  .20 

35  30 

23  17 

31  28 


1 


MARCH  1979 


CIRCLE  NO.  29  ON  FREE  INFORMATION  CARD 


103 


LINEAR  I.C/S 


LM324N 

.49 

Quad  Op  Amp 

LM339N 

.49 

Quad  Comparator 

LM555N-8 

.29 

Timer 

LM556N-14 

.59 

Dual  Timer 

LM723CN 

.34 

Voltage  Regulator 

LM723CH 

.39 

Voltage  Regulator 

LM741CH 

.37 

Op  Amp 

LM741CN-8 

.24 

Op  Amp 

LM1458N-8 

.39 

Dual  Op  Amp 

VOLTAGE  REGULATORS 


BRAND  NEW! 

JUST  RELEASED 
1979 1C  MASTER 

2500 
pages 


Complete  integrated  circuit 
data  selector.  Master  guide 
to  the  latest  I.C.'s  including 
microprocessors  and 
consumer  circuits. 

Free  Quarterly  Updates 


CMOS  I.C/S 


$39.95. 


^  ,  I  ?::j\ 


Texas  Instruments  \  h  - 
Low  Profile  Sockets  v 

Finest  Quality  Socket  available  in  the 
world.  Nobody  can  match  Texas  Inst¬ 
ruments  quality  —  a  unique  combina¬ 
tion  of  I.C.  technology  and  multi¬ 
metal  expertise. 

Over  one  million  pieces  in  stock. 

Contacts  Price  Contacts  Price  ^ 


CD4000BE 

.17 

CD4042BE 

.59 

CD4515BE  *1.95 

CD4001BE 

.17 

CD4043BE 

.57 

CD4516BE 

,69 

CD4002BE 

.17 

CD4044BE 

.55 

CD4518BE 

.79 

CD4006BE 

.87 

CD4046BE 

,99 

CD4519BE 

.47 

CD4007BE 

.17 

CD40498E 

.33 

CD4520BE 

69 

CD4008BE 

.75 

CD4050BE 

.33 

CD4522BE 

.99 

CD40Q9BE 

.39 

CD4051BE 

,54 

CD4526BE 

.99 

CD4010BE 

.39 

CD4052BE 

,54 

CD4527BE  *1.09 

CD4011BE 

.17 

CD4053BE 

.54 

CD4528BE 

.69 

CD4012BE 

.17 

CD4060BE 

.99 

CD4531BE 

.74 

CD4013BE 

.32 

CD4066BE 

.44 

CD4532BE  $1.19 

CD4014BE 

.73 

CD4068BE 

.21 

CD4539BE 

.99 

CD4015BE 

.69 

CD4069BE 

.21 

CD4543BE  $1.39 

CD4016BE 

.35 

CD4070BE 

.29 

CD45S5BE 

.65 

CD4017BE 

.62 

CD4071BE 

.21 

CD4556BE 

.65 

CD4018BE 

.69 

CD4072BE 

.21 

CD4581BE  $2.25 

CD4019BE 

.39 

CD4073BE 

.21 

CD4582BE 

79 

CD4020BE 

.69 

CD4075BE 

.21 

CD4584BE 

,60 

CD4021BE 

.69 

CD4076BE 

.79 

CD4585BE 

.90 

CD4022BE 

.69 

CD4077BE 

.25 

400 14 PC 

.59 

CD4023BE 

17 

CD4078BE 

.21 

40085PC 

*1.09 

CD4024BE 

.49 

CD4081BE 

.21 

40097PC 

.60 

CD4025BE 

.17 

CD4082BE 

.21 

40098PC 

.60 

CD4026BE  *1.39 

CD4085BE 

.69 

40160PC 

.89 

CD4027BE 

.39 

CD4086BE 

69 

40161PC 

.99 

CD4028BE 

.57 

*  CD4093BE 

.40 

40 162 PC 

.89 

CD4029BE 

.74 

CD4104BE  *2.25 

40163PC 

.99 

CD4030BE 

.35 

CD4502BE 

.85 

40174PC 

.89 

CD4033BE  *1.45 

CD4508BE  *2,25 

40175PC 

.89 

CD4034BE  *225 

CD4510BE 

.88 

40192PC 

*1.19 

CD4035BE 

.64 

CD4511BE 

.99 

40193PC 

*1.19 

CD4040BE 

.74 

CD4512BE 

.59 

40 194 PC 

St.10 

CD4041BE 

.74 

CD4514BE  *1.95 

40195PC 

*1.10 

PART  NO. 

LM323K 

7BH05KC 


UNIT 

PRICE  DESCRIPTION 


S4.95 

*5.75 


7800UC  Series  .79 

TO-220/LM340T 

78MOOHC  Series  *1.50 
T0*5  /  LM340H 

7800KC  Series  *1.60 

T0-3  /  LM340K 

78LOOAWC  Series  .29 
TO-92 

7900UC  Series  *1.10 

TO -220  /  LM320T 

79M00HC  Series  *1.50 
TO-5/LM320H 

7900KC  Series  *1.95 

TO-3/LM320K 


8  PIN 

.08 

22  PIN 

.22 

14  PIN 

.12 

24  PIN 

.24 

16  PIN 

.14 

28  PIN 

.28 

18  PIN 

.18 

40  PIN 

.40 

20  PIN 

.20 

GENERAL  INSTRUMENT 

1  Amp  Rectifiers  (Epoxy)  1 .5  Amp  Single  Phase 
Part  No.  Price  Silicon  Bridge  Rectifiers 

1 N4001  50V  .029  Part  No.  Price 

1N4002  100V  .039  W06M  600V  .34 

1N4002  200V  .045  WQSM  BflEV  .39 


Part  No. 

Price 

1N4001 

50V 

.029 

IN  4002 

100  V 

.039 

1  N4002 

200V 

.045 

1N4004 

400V 

.049 

1N4005 

600V 

.055 

1N4006 

aoov 

.065 

1N4007 

1000V 

.07 

SWITCHING 

DIODES 


El 


1N914  (100V4NS) 
1N4148  (100V  4NS) 


MICROPROCESSOR 

CHIPS 

CPU's 

Part  No.  Price 

8080A  >=95^5.50 
6800  >957.95 

INTERFACE 
SUPPORT  CIRCUITS 


Part  No. 

Price 

Part  No. 

Price 

8212. 

1.98 

8255 

5.95 

821 3.95 

8257 

9.95 

8216 

1.98 

8259 

14.95 

8224 

2.75 

8226 

1.98 

6810> 

35^  3.50 

8228 

4.75 

6820> 

3S>95 

8238. 

4.75 

6821JP 

^  3.95 

8251  >9^4.95 

6850> 

^  4.95 

8253 

14.95 

6852> 

55"  4.95 

L.E.D.  LAMPS 

LED209  T-1  3mm  Red  .09 

LED211  T-1  3mm  Green  .14 
LED212  T-1  3mm  Yellow  .13 

LED220  T-1-3/4  5mm  Red  .11 
LED222  T-1-3/4  5mm  Green  .15 
LED224  T-1-3/4  5mm  Yellow  .14 


MAJOR  MANUFACTURER 


.15  n  i 

// 


Active 

^PEIectnmic 

Sales  Corp, 


y  Zilog 

Z80-CTC 

Z80A-CTC 

$10.90 

$13.10 

1 

Z80-DMA 

$32.20 

^>^$13.60 

Z80SIO/0 

!^W?tL$45.00 

1  $$05  $16.20 

Z80A-SIO/0 

mm  $50.00 

0>£$  10.90 
$13.10 

Z80-SIO/1 

$45.00 

Z80A-SIO/1 

IxMfth  $50.00 

3  Amp  5  Volt  Regulator 

5  Amp  5  Volt  Positive  Regulator 

T03 

Positive  Voltage  Regulators 
(Plastic)  1  Amp  5,  6.8, 12, 15, 18, 

24  Volts 

Positive  Voltage  Regulator 
1/2  Amp  5, 6, 8, 12, 15. 18,  24  Votts 

Positive  Voltage  Regulator  1  Amp 
5,6.8,12,15,18,24  Volts 

Positive  Voltage  Regulator  100  MA 
2.6,  5, 6.2, 8.2, 12, 15  Volts 

Negative  Voltage  Regulator 
1  Amp  5,6,8,12,  15, 18,  24  Volts 

Negative  Voltage  Regulator 
1/2  Amp  5,6,8,12,15,20,24  Volts 

Negative  Voltage  Regulator 
1  Amp  5,6,8,12,15,  18,  24  Volts 
Dual  In  Line  Adjustable  4  Terminal 
Positive  Voltage  Regulator 
1  Amp  Adjustable  Positive  Voltage 
Regulator 

Switching  Regulator 


All  new  major  manufacturer  prod¬ 
uction  material  offered. 
Largest  variety  of  device  types 
available  anywhere. 


MOS  Static  RAM's 
Part  No.  Price 

2102LFPC  $1.19 

IK  350NS (Low  Power) 

21 02-1  PC  $.99 

1K450NS 

2114  $7.50 

4K  (1 K  x  4)  300NS 

2114  $6.50 

4K  (1 K  x  4)  4S0NS 

MOS  Dynamic  RAM's 
Part  No.  Price 

4K  4027  $2.95 

4K  (4K  x  1 )  300NS  16  PIN 

416-3  $9.95 

200NS 

416-5  $7.95 

300NS 

UARTs 
Part  No.  Price 

AY5-1013A  $4.95 
AY3-1015  $5.95 

IK CMOS RAM 


Part  No. 

Price 

5101 

$4.95 

450NS  (Low  Power) 

5101 

$3.95 

^  BOONS 

_ J 

P.O.  BOX  1035  FRAMINGHAM,  MASSACHUSETTS  01701 

Over-  the  •  counter  sales, 

1 2  Mercer  Rd.,  Natick,  Mass  01760 
Behind  Zayres  on  Rte.  9 
Telephone  Orders  A  Enquiries  (617)879-0077 


MINIMUM  ORDER  *10.00  •  ADO  *2.00  TO 
COVER  POSTAGE  &  HANDLING 


IN  CANADA  3  LOCATIONS 


5651  FERRIER  ST. 
MONTREAL,  QUEBEC 
H4P2K5 

Tel:  (51 4)  735-6425 


4800  DUFFERIN  ST. 
DOWNSVIEW,  ONTARIO 
M3H  5S9 
Tel:(41 6)661-1 115 


Foreign  customers  please  remit  payment  on  an 
international  bank  draft  or  international  postal 
money  Order  In  American  dollars. 

BAXTER  CENTRE 
1050  BAXTER  ROAD 
OTTAWA,  ONTARIO 
K2C  3P2 

Tel:  (613)620- 9471 


CIRCLE  NO.  2  ON  FREE  INFORMATION  CARD 
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CIRCLE  niO.  1& Ok  FREE  INFORMATION  CARO 


Electronics  Library 


A  PROGRAMMED  COURSE  IN  BASIC 
PULSE  CIRCUITS 

Organized  in  a  programmed  instruction  for¬ 
mat,  this  text  relates  the  basics  of  pulse  cir¬ 
cuits  in  an  easy-to-follow  manner.  Pulse  pa¬ 
rameters  and  waveform  principles  are  first 
examined,  followed  by  a  comprehensive  ex¬ 
amination  of  RC  circuit  applications  and  char¬ 
acteristics,  Effect  of  RC  time  constant  on 
waveforms,  RC  high-  and  low-pass  filters, 
pulse  and  pulse-train  response  of  RC  circuits, 
and  use  of  applicable  charts  and  equations 
are  among  the  topics  covered.  Properties  of 
RLC  circuits  are  also  presented.  The  reader 
is  then  familiarized  with  a  number  of  semi¬ 
conductor  devices,  including  unijunction  tran¬ 
sistors,  SCR’s.  and  zener  diodes,  along  wilh 
their  applications  in  transistor  clipper  circuils, 
diode  clampers,  and  sweep  generators.  Asia- 
bfe,  monostable,  and  bistable  multivibrators 
too  are  studied,  and  the  book's  final  chapters 
cover  pulse  transformers  and  blocking  oscil¬ 
lators,  The  programmed  instruction  format  of 
this  book  makes  it  ideal  for  those  wishing  to 
independently  study  or  familiarize  them¬ 
selves  with  pulse  circuits  and  their  application 
to  computers  and  radio-communications. 
Published  by  Gregg  Division ,  McGraw-Hill 
Book  Company,  1221  Ave.  of  the  Americas . 
New  York.  NY  1002Q.  293  p.  $9.95  soft. 

THE  RADIO  AMATEURS  HANDBOOK, 
1978;  55th  Edition 

by  the  ARRL  Headquarters  Staff 
The  latest  edition  of  the  standard  reference 
work  contains  new  and  revised  theory  sec¬ 
tions  to  reflect  a  shift  in  FCC  examination 
procedures,  which  now  emphasize  “why"  as 
opposed  to  'how  tohr  rote  memory  answers. 
Also  included  are  an  interesting  line  of  con¬ 
struction  projects,  A  completely  new  chapter 
on  radio  design  techniques  and  methods  has 
been  added.  Coverage  of  antennas  and 
semiconductors  has  been  revised  and  ex¬ 
panded.  New  material  on  satellites  and  TV  I 
has  been  incorporated.  Among  the  projects 
appearing  for  the  first  time  are  a  link-coupled 
antenna  tuner,  a  steerable  phased  antenna 
array  for  use  on  40  meters,  and  a  200 -MHz 
power  amplifier  of  advanced  design.  New 
charts,  data  sections,  and  profuse  Illustra¬ 
tions  highlight  the  book. 

Published  by  the  American  Radio  Relay 
League,  225  Main  Street,  Newington ,  CT 
Q6111.  7 11  pages,  including  index ;  $ 13,50 r 
hard  cover  in  U.S.,  $74.50  in  Canada ,  and' 
$75,50  elsewhere.  $ 8.50 ,  soft  cover  in  U,S,, 
$9.50  in  Canada,  and  $ 10.50  elsewhere . 


PHYSICS  OF  STEREO/QUAD  SOUND 

by  Joseph  G.  Traylor 
Here  are  explanations  in  simple  terms  of  how 
various  components  of  a  high-fidelity  system 
work  and  why  they  are  used,  The  author  first 
discusses  the  fundamentals  of  sound  and  the 
basic  physical  laws  governing  it.  Concepts 
such  as  wave  properties,  force,  power,  and 
the  decibel  are  covered.  The  theory  of  opera¬ 
tion  and  application  of  recording  transducers 
is  the  next  lesson,  with  most  of  the  informa¬ 
tion  being  relevant  to  microphones,  though 
there  is  a  section  on  guitar  pickups  too. 
Chapter  3  explains  amplification,  with  notes 
on  vacuum  tubes  and  semiconductors,  dis¬ 
tortion,  and  heat.  Other  topics  studied  are 
impedance,  capacitive  and  inductive  react¬ 
ance,  the  storage  and  retrieval  of  audio  sig¬ 
nals,  the  role  of  loudspeakers  in  playback, 
and  a  review  of  basic  radio  theory  including 
amplitude  and  frequency  modulation  and 
noise  in  radio  systems.  The  last  chapter  of 
the  book  is  devoted  to  quadraphonic  sound 
and  media.  Reference  sections  and  appen¬ 
dices  within  the  beok  introduce  mechanics, 
tell  what  to  look  for  when  purchasing  a  high- 
fidelity  system,  suggest  further  reading,  and 
define  a  number  of  hi-fi  and  scientific  terms. 
Numerous  diagrams,  charts,  and  graphs. 
Published  by  The  Iowa  State  University 
Press,  Ames  IA  50070,  790  pages,  $9.50, 
soft  cover. 


A  STEP  BY  STEP  INTRODUCTION  TO 
8080  MICROPROCESSOR  SYSTEMS 

by  David  L  Cohen  and  James  L  Mefsa 
This  Introductory  work  on  microprocessors 
assumes  no  knowledge  of  the  subject  and  is 
a  good  source  of  information  if  you're  just  get¬ 
ting  into  the  field,  ft  is  also  an  aid  to  under¬ 
standing  data  sheets  and  instruction  manuals 
of  microprocessor  and  computer  manufactur¬ 
ers.  The  early  portion  of  the  book  describes 
8080  structure  and  the  concepts  of  bits, 
bytes,  machine  instructions,  and  registers. 
Material  on  software  follows:  stored  pro¬ 
grams,  memory,  system  monitors,  terminal 
I/O.  editors*  assemblers,  slacks,  and  subrou¬ 
tines  are  introduced.  System  hardware  is  not 
ignored,  and  in  the  latter  part  of  the  book  ap¬ 
pears  information  covering  microcomputer 
hardware,  interface  devices,  interrupts  and 
real-time  clocks,  and  peripherals.  There  is  a 
bit  of  information  about  microprocessors  oth¬ 
er  than  the  8080,  and  this  is  contained  in  a 
short  comparison  of  the  6000,  Z80,  8005,  F8X 
and  a  few  others.  The  last  chapter  acquaints 
the  reader  with  cress  assemblers*  time  shar¬ 
ing.  and  high-level  languages.  Useful  listings 
of  8080  machine  instructions  and  the  ASCII 
code  appear  in  the  appendices. 

Published  by  D (lithium  Press,  Box  92.  Forest 
Grove.  OR  97116.  169  pages ,  $7,95.  soft 
cover. 

BEGINNING  COMPUTER  SCIENCE 

by  James  L.  Poirot  and  David  N,  Groves 
The  lightning-like  evolution  of  the  computer 


industry  has  educators  scrambling  to  keep  up 
with  new  developments.  This  text,  reflecting 
the  activity  in  this  field,  is  intended  to  be  used 
in  an  introductory  course  covering  computer 
organization,  applications,  programming,  and 
arithmetic  /logic  functions.  A  broad  overview 
of  the  computing  field  covers,  history,  basic 
logic  and  Boolean  algebra,  calculators,  and 
microcomputers.  The  text  is  well  illustrated, 
and  sources  for  hardware,  magazines,  sug¬ 
gested  reading,  and  a  selected  reference  to 
periodical  articles  provide  the  means  for  the 
reader  to  expand  his  knowledge  and  keep 
abreast  of  this  fast-moving  field. 

Published  by  Sterling  Swift  Publishing  Co., 
Box  188 ,  Manchaca,  TX  78652.  290  pages , 
$ 9.95 ,  soft  cover . 


HANDBOOK  FOR  ELECTRONIC 
CIRCUIT  DESIGN 

by  Campbell  Loudoun 
Electronic  circuit  design  is  reviewed  with  ap¬ 
plication  of  theory  and  consideration  of  pa¬ 
rameters  and  specifications  of  components 
and  devices.  The  author  expounds  the  ad¬ 
vantages  of  design  that  takes  into  considera¬ 
tion  device  life  expectancy  and  aging,  quality 
control,  worst-case  circuit  performance  anal¬ 
ysis,  etc.  Such  considerations  preclude  sys¬ 
tem  failure  during  later  stages  of  design. 
Many  schematics  and  graphs  are  presented 
to  reinforce  the  reader's  understanding  of 
material  covered  in  the  text.  Topics  covered 
include  design  principles,  wave  filters,  audio 
amplifiers,  r-f  circuits,  and  digital  logic  trou¬ 
bleshooting,  Reference  information  given  in 
the  book's  appendices  explain  color  codes, 
series  and  parallel  resonant  circuit  character¬ 
istics.  graphic  solution  for  inductive  and  capa¬ 
citive  reactances  in  parallel,  deMorgans 
theorems.  I?L  information,  standard  potenti¬ 
ometer  tapers,  and  preferred  resistance  val¬ 
ues.  All  aspects  of  successful  design  are  cov¬ 
ered  including  computer-aided  design,  test¬ 
ing,  and  approval. 

Published  by  Reston  Publishing  Co,,  (nc.t 
Reston,  VA  22090.  276  pages.  $17.95,  hard 
cover, 

TOWERS'  INTERNATIONAL 
FET  SELECTOR 

byT.D .  Towers 
This  is  both  a  reference  and  a  cross-refer¬ 
ence  listing  of  FETs  from  the  U.S.,  Japan  and 
Europe.  Data  is  listed  in  tabular  form,  by  type 
number,  and  gives  all  information  needed  to 
select  an  FET  for  a  specific  application.  In  ad¬ 
dition  to  dimensional  and  operating  parame¬ 
ters.  the  tables  list  general  areas  of  applica¬ 
tion*  such  as  audio  amplifiers  or  TV  uhf  mix¬ 
ers.  European  and  American  substitutes  are 
listed,  where  available.  The  tables  are 
preceded  by  an  introduction  to  the  FET.  and 
appendices  indude  package  outline  and  pin¬ 
out  diagrams,  manufacturers'  house  codes, 
and  manufacturers'  addresses. 

Published  by  TAB  Books,  Blue  Ridge  Sum¬ 
mit,  PA ,  17214.  137  pages.  $4,95  soft  cover, 
$ 7.95  hardcover. 
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POPULAR  ELECTRONICS 


REGULATED 
POWER  SUPPLIES 

POWER  SYSTEMS  ff  PS1111 
115-230V  50/60  cy.  in  5v  DC  at  35 A  out. 

6"x  16%"x  1554"  26  lbs.  shipping  weight  S85.00 

POWER  SYSTEMS  #  PS1 106 

115-230V  50/60  cy.  in  12v  DC  at  15A  out. 

5"x  J6K"x  5"  19  lbs.  shipping  weight.  S75.00 
10V  PROTECT) 


C/MOS  (DIODE  CLAMPED) 

4001  18  4019  -37  4049  -  35  74C74  45 

4002  -  18  4020  -  .90  4050  -  .35  74C83^  1.15 

4006  -  95  4021  -  .90  4053  -  1  10  74C86-  40 

4007  -  IB  4027  -  90  4055  1  25  74C93-  .75 

4009  -  .37  4023  .18  4066  -  70  74C151  1.40 

4010  -  .37  4024  -  .75  4071  -  18  74C160  1  05 

4011  -  .18  4025  -  t8  4076  -  .97  74C161  1.05 

4017  -  ,18  4027  -  .37  4520  70  74C174  1.05 

4013  -  .29  4028  -  80  74C00-  22  74CI75  1.05 

4014  -  .75  4029  -  .9  5  74C02-  .72  74C192  1.20 

4015  -  .75  4030  -  .33  74C04  -  24  74C193  1.20 

4016  -  .29  4035  .9  7  74C08-  .22  74C901  48 

4017  -  .90  JOJ?  -  65  14C10  2  7  74C902  48 

4018  90  4046  1  35  74C73  o5  74C914  1  70 


PRINTED  CIRCUIT  BOARD 


CHARGED  COUPLE  DEVICES 

CCD  201C  tOOx  100  Image  Sensor  . 

.  .  .  .  S95.00 

CCD  202C  100k  100  Image  Sensor 

.  .  .5145.00 

VERIPAX  PC  BOARD . 

.  .  .  .  S4.00 

This  board  is  a  1/16**single  sided 

paper  epoxy 

board.  4Y,"x6Vi"  DRILLED  and  ETCHED  which 

will  hold  up  to  21  single  14  pin  IC’s 

or  8.16  or  LSI 

Dir  IC's  with  butset  for  power  supply  connector, 

FP  100  PHOTO  TRANS 

.  S  50 

RED,  YELLOW.  GREEN  or  AMBER 

LARGE  LED's  .2'*  .. 

6/S  1.00 

TIL-1  taOPTO-ISOLATOR...  . 

.  S  .75 

MCT-6  OPTO  ISOLATOR  .... 

.  .  .  S  .80 

1  WATT  ZENERS:  3.3,  4.7,  5.1. 

5.6,  9.1,10 

12,  15.  18,  or  22V 

6/SI .00 

MCM  6571 A  7  x  9  character  gen 

...  $10.75 

TRANSISTOR  SPECIALS 

2N6233-NPN  SWITCHING 

POWER  S 

1.95 

MRF-8004  a  CB  RF  Transistor  NPN  S 

.75 

2N377?  \’PN  S.  TO  3 

s 

1.00 

2N1546  PNP  GE  TO-3  ,  . 

......  s 

.75 

2N4D08  PNP  $  TO  3 

s 

1  00 

2N5086  PNP  S«  TO  92 

4  s 

1  00 

2N3137  NPN  S.  RF  .  . 

...  .  s 

.55 

2N3919  NPN  5i  TO  3  RF 

s 

l  50 

2N 1420  NPN  Si  TO  5  ... 

. 3/5 

1.00 

2N3  767  \JP\S.  TO  66 

s 

70 

2N2222  VPN  S.  TO  18 

5  S 

1  00 

2N3055  NPN  S*  TO  3 

s 

.50 

2N39D4  NPN  Sr  TO  92 

6/S 

1.00 

2 N 3906  PNP  S<  TO 92 

6/S 

1.00 

7N5295  NPN  S>  TO  220 

S 

50 

2N6TQ9  PNP  S-  TO  220 

S 

55 

2N3tiJH  PNP  St  TO  b 

as 

1  00 

MPSA  13  NPN  Si . 

. 4/S 

1.00 

Full  Wave  Bridges 


SANKEN  AUDIO  POWER  AMPS 


TANTULUM  CAPACITORS 


2r  «p  ■  5  SI  00 

5  8  t  6'. 

4  SI  00 

47UF  5  SI  00 

10UF  10V 

S  .25 

68UP  35V  5  SI  00 

22UF  25V 

S  40 

1UF  35V  5  SI  00 

15UF  35V 

3/S1.00 

2  2  UF  20V5  SI  00 

30uP  GV 

5/S1.00 

3  3UF  20V  4  SI  00 

47UF  20V 

S  .35 

4.7UF  15V  5/SI. 00 

68  UF  15V 

S  .50 

Silicon  Power  Rectifiers 


HIBBON  CABLE 
-AT  (COLOR  CODED 
*30  WIRE 

26  cond.  • .50/per  toot 
40  cond.  -  .75/per  foot 
50  cond.  -  .90/per  foot 


CTS  206-8  eight  position  dip  switch  . 

.  .  .Sl.60 

C  fS-206-4  tour  position  dip  switch  . 

.  .  .Sl.45 

Ll  inT  ACTiV  ATED  SCR'j 

TO  18  200'.  1 

S  70 

IN  4148  UN914) 

i  S/S'.C- 

RS232 

DB  25P  malB 

S2.25 

CONNECTORS 

DB  25S  female 

S2.95 

HOODS 

.  SI .00 

FND  359  C.C.  .4"  $  .50  LED  READOUTS 
PCS  8024  4  dlqtt  DL-704  C,A.  .3"  $.75 

C.C  8"  display  S5.95  DL  747  C.A  6"  £1.25 

FND  503  C  C.  5**5  .85  HP3400  .8”CC  SI .95 
FND  510  C.A  5'*  S  .85  HP3405  .8"CA  $1.95 

DL  704  , 3"  C.C.  $  85 


309K  .... 

REGULATORS 

S  1.10  340K-12.J5 

723  .  . 

S  .50 

oi  24V.  ....  S  1.10 

LM  376  . 

.  S  .60 

340T-5.  6.  8.  12 

320T- 
5,  12.  15 
or  24  . 

.  .  .  $1.10 

15.18  or  24V  S  1 .10 

78  MG  ...  .$1.35 

79  Mn  *  1  -JR 

Twttw;  FOB  Cambridge,  Mesa.  Send  25rf  for  our  catalog  featuring 
|  Ort^*r*  T  ransistors  and" Rectifiers 

Include  Poslege,  Minimum 
der  $5.00,  COO’S  $20.00 


145  Hampshire  St.,  Cambridge,  Mass. 
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SOLID  STATE  SALES 

P.O.  BOX  74A 

SOMERVILLE,  MASS.  02143  TEL.  1617)  547-7053 


WE  SHIP  OVER  95% 
OF  OUR  ORDERS  THE 
DAY  WE  RECEIVE  THEM 


FUN  AND  FREEDOM 


1 


Electrify 


Your 


CIRCLE  NO.  49  ON  FREE  INFORMATION  CARD 


AMAZING  EARADIO 

This  is  probably  the  woRld*s  smallest  ^«^gJy 
RAO  1 0»  It  WEIGHS  ONLY  1/2  OUNCE  AN0  IS  e 
WORN  BEHIND  THE  EAR.  CONTAINS  AN  IQ  AND  5  QC 
SEVERAL  0ISCRETE  DEVICES  TO  CIVE  AN  EQUI- 
VALENT  OF  12  .TRANSI STORS.  T HE  RADIO  HAS  A  T.R.F. 
DESIGN  OPERATING  FROM  1  STANDARD  S13E  1.5V 
HEARING  AID  9ATTERY  (INCLUDED).  IT  PROVIDES 
GOOD  VOLUME  TO  EARPHONE  ON  SEVERAL  STATIONS  IN 
METROPOLITAN  AREAS.  DOESN'T  REQUIRE  ANY  ANTENNA, 
GROUND  DR  OTHER  ADDITIONAL  WIRES  -  i-  ULL  T  SELT 
CONTAINED  S  1UNASLE.  SIZE:  1  1/c,r*i  l/Vaa/t’1 . 


Bike! 


Ride  away  with  your  own  silent  excit¬ 
ing  electric  drive  system.  New  patented 
non-polluting  Pedalpower  installs  in 
minutes  on  the  front  wheel  of  any 
Bike  or  Trike.  Allows  easy  pedaling 
when  desired.  Over  20,000  sold. 
Powered  by  latest  12-volt  battery. 
Recharges  at  home.  Ride  100  miles  for 
a  dime.  Be  independent!  Improve 
your  health!  Enjoy  the  outdoors!  Sim¬ 
ple  single  lever  control  allows  you  to 
go  where  you  want  to,  when  you  want 
to.  Rebate  plan  and  Senior  Citizen 
time  payment  plan  available!  MONEY 
BACK  GUARANTEE.  Save  $15.00  -  call 
toll  free:  800-257-7955*  -  or  send 
today  for  $15.00  coupon  and  free  illus¬ 
trated  booklet.  Added  bonus: 
Receive  free  information  on  complete 
line  of  Electric  Cars,  Electric  Bikes  and 

Trikes.  General  Engines  Co. 
Save  5284  Mantua  Blvd. 

$15.00  Sewell,  NJ.  08080 

*In  N.J.,  Alaska,  or  HI.  -  Call  Collect:  (609  )  468-0270 

CIRCLE  NO.  21  ON  FREE  INFORMATION  CARD 


Electronic  Warning  Flasher  Kit 

This  battery  operated  device  continuously  V^'i 
emits  bursts  of  intense  light.  Great  safety 
device  for  bicycle  riders,  skiers,  hikers,  C  M 
boaters  &  campers.  Comes  complete  w /  all  \  J 
electronic  parts,  quality  glass-epoxy  P-C  X. 
board  &  easy  to  understand  instructions.  > 
Uses  hiqh-output  xenon  flash  tube  which 
flashes  2  times  per  second  when  batteries 
are  fresh.  Operates  continuously  for  12 
hours  on  2  alkaline  "C"  batteries.  You 
need  only  to  supply  the  batteries  and,  if  C23I 
desired,  a  battery  holder  &  case.  (  3 


C 23207  *6.95 

(  3  for  $18.00) 


FREE! 

EDMUND 

■•SCIENTIFIC 

CATALOG 

Explore  Astronomy,  Biofeedback,  Computers, 
.  Health,  Lasers,  Magnets,  Microscopes,  Optics, 
Photography,  Weather. .  .  Over  4,000 
]  '  •  *  Fascinating  Items, 

More  Thafl  160 
Colorful  Pages  . . . 
The  Exciting, 
FREE 
Edmund 

Hi*  J  Catalog! 


6hv  m \  Green  Neon 
TMGGCR  V  bmliom62  J 

«OW  2  tor  91  f 

required  to  "fire”  j' 

xenon  Hash  tubes.  6for$-JOO  /j 


CALCULATOR 

BOARDS 


NO.  108 
Edmund  Scientific  Co.  1979 


□  Yes!  Rush  me  your  FREE  Catalog  so  that 
I  can  explore  Edmund’s  World  of  Science. 


PO.  BOX  27038.  DENVER  .  CO.  80227  Ph:  <303)  78K750 


■  Minimum  order  $5.00 

A  rvirrx/  *  Please  include  $1  for  postage 

CHAIVcY  »  Visa,  MC  and  COD  accepted, 

electronics  ■  phone  orders  are  welcome. 


Clip  and  Mail  Coupon  Today  to: 

Edmund  Scientific  Co.,  AV06 
Edscorp  Bldg.,  Barrington,  N.J.  08007 


Mfc:-.,  Send  i,»,  .  I  IjF  t  GIAN T  CATALOG  <  -n  -uwh 


TRS-80  CONVERSION 
KIT  $109  (3/$320) 

Upgrades  4K  version  to  16Kr 
or  populates  Memory  Expansion 
Module.  Easy  instructions,  250 
ns  low-power  chips,  1  year  war¬ 
ranty,  dip  shunts.  Also  works 
with  Apple  and  Exidy  Sorcerer 
machines. 


Easy  to  build  —  just  add  12V 
DC  and  3  time  setting  switches. 
Ideal  for  mobile  use.  Blue-green 
flourescent  readouts.  Case 
available  separately  for  $5.95; 
clock  module  for  $16.50. 


FULLY  STATIC  COMPUTER  MEMORY! 

Most  Econorams  ™  are  available  as  unkits  (sockets,  bypass 
caps  pre-soldered  in  place),  assembled  and  tested,  or  qualified 
under  the  Certified  Systems  Component  (CSC)  high-reliability 
program. 

We’ve  been  providing  top  quality  memory  (without  charging 
top  dollar)  for  over  4  years  —  see  your  computer  store  or  our 
flyer  for  more  info. 

Name  Buss  Speed 

8K  ECONORAM  II™  S-100  2  MHz 

16K  ECONORAM  IV™  S-100  4  MHz 

12K  ECONORAM  VI™  H8  2  MHz 

24K  ECONORAM  VII™  S-100  4  MHz 

32K  ECONORAM  IX™  DigGrp  4  MHz 

32K  ECONORAM  X™  S-100  4  MHz 

32K  ECONORAM  XI™  S-100  4  MHz 


12A  @  50%  duty  cycle, 
foldback  current  limiting,  over¬ 
voltage  protection,  many  more 
features.  Does  not  include  case. 


Unkit  Assm  CSC 

$139  $159  N/A 

$295  $329  $429 

$200  $270  N/A 

$445  $485  $605 

$649  N/A  N/A 

$599  $649  $789 

N/A  N/A  $1050 


COMPLEX  SOUND  GENERATOR  CHIP  (76477)  FROM  TEXAS  INSTRUMENTS. 
. e#  WE’VE  GOT  THEM  FOR  $2.75  .  .  .  AND  THEY’RE  AMAZING!  #/,M 

TERMS:  Cal  res  add  tax.  VISA/* /Mastercharge*  call  24  hr  order  ^  nF 

desk  (41 5)  562-0636.  Allow  5%  shipping  (more  for  power  supply).  r^V  f F 

excess  refunded,  COD  OK  with  street  address  lor  UPS.  Prices  K  I  All  All  •/  I  [1  1 1  II 

good  through  cover  month  of  magazine.  Orders  under  $15  add  $1  I  Im  I  IB  1 1  ^11  0}  I  I II  IV 

FREE  CATALOGUE:  Remember  how  we  used  to  offer  a  free  flyer?  I  I 
Well,  now  we  have  so  much  stuff  it’s  a  catalogue  .  .still  free,  2m  Oakland  airport ca*6u 

though.  Send  your  name  and  address. 
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SAN  KEN  Series  SI-1000G  Amplifiers 
are  self-contained  power  hybrid  am¬ 
plifier*  designed  for  Hi-Fi,  stereo,  musi¬ 
cal  instruments,  public  address  systems 
and  other  audio  applications.  The  am¬ 
plifiers  have  quotl-compleman tary  class 
B  output.  The  circuit  employs  flip-chip 
transistors  with  high  reliability  and  pas¬ 
sivated  chip  power  transistor*  with  ex¬ 
cellent  secondary  breakdown  strength. 
Built-In  current  limiting  Is  provided  for 
SI-1050G  and  all  device*  can  be  oper¬ 
ated  from  a  single  or  spilt  power  supply. 


HYBRID  AUDIO 

10  Watt  -  20  Watt  -  30  Watt  -  50  Watt 

POWER  AMPLIFIERS 

Multi-purpose  linear  amplifiers  for  comerciai  and  indus¬ 
trial  applications. 

Less  than  0.5%  harmonic  distortion  at  full  power  level. 
%  dB  response  from  20  to  100,000  Hz. 

Single  or  split  (dual)  power  supply. 

Rugged,  compact  and  lightweight  packages. 

Built-in  current  limiting  for  SI-1050G  and  efficient  heat 
radiating  construction. 

TYPICAL  CONNECTIONS 

SI-10S0G  with  SPLIT  SUPPLY 


Ballantine  Mode!  1010A 
Dual  Channel/X-Y  Scope 

A  professional  oscilloscope 

.  ■*;*>*.'  ”m 
-T  your 
■  *  •  %  '  *  basic 
(  1  needs. 

*  1 MT  g  “  $695 
KIM-1  MICROCOMPUTER 


Power  Amplifier  _ 

K  Transformer 

P/N  Power  Price  P/N  Price 

SMOIOG(tOW)  $  6.95  TRIO  $  7.90 

SMO20G120W)  $13.95  TR20  $10.90 

A -SI -8  (Socket  for  above)  .95 

SI-1 030G(30W)  $19.00  TR30  $12.90 

SI-1 050G150W)  $27.80  TR50  $17.90 

A -Si-10  (Socket  for  above)  .95 


Date  Sheet  with  application  Notes— $  .60 


$179“ 

Including 
Documentation 

1802  SERIES 

LD=  Ceramic  -55°  to  +125"  C 
LE»  Epoxy  40'  to  +  05'  C 
1B02LD  $19.95  IB02LE  Si  120 

1B22LD  14  00  1822LE  8  05 

1824LD  7.75  1B24LE  3.55 

1B52LO  0  25  18S2LC  190 

1B53LD  565  1853LE  1.45 

1B54LO  11.70  1B54LE  8.50 

1856LO  5.50  1B56LE  1.10 

1857L  O  5  50  1B57LE  1.10 

1858LD  5.66  1B58LE  1.45 

1B59LO  6  65  18S9LE  145 

GRI— ASCII  KEYBOARD  KIT 
753 K  Keyboard  $59.95 

756K  Keyboard  $64.95 

701  Enclosure(753  only)$14.95 

702  Enclosure  (both)  $29.95 


=AB0UT  YOUR 
SUBSCRIPTION 


Your  subscription  to  Popular 
Electronics  is  maintained  on  one  of 
the  world’s  most  modern,  efficient 
computer  systems,  and  if  you’re  like 
99%  of  our  subscribers,  you'll  never 
have  any  reason  to  complain  about 
your  subscription  service. 

We  have  found  that  when  com¬ 
plaints  do  arise,  the  majority  of  them 
occur  because  people  have  written 
their  names  or  addresses  differently 
at  different  times.  For  example,  if 
your  subscription  were  listed  under 
'"William  Jones,  Cedar  Lane,  Mid¬ 
dletown,  Arizona,’  -  and  you  were  to 
renew  it  as  "Bill  Jones,  Cedar  Lane, 
Middletown,  Arizona,’-  our  computer 
would  think  that  two  separate  sub¬ 
scriptions  were  involved,  and  it 
would  start  sending  you  two  copies 
of  Popular  Electronics  each  month. 
Other  examples  of  combinations  of 
names  that  would  confuse  the  com¬ 
puter  would  include:  John  Henry 
Smith  and  Henry  Smith;  and  Mrs. 
Joseph  Jones  and  Mary  Jones.  Minor 
differences  in  addresses  can  also 
lead  to  difficulties.  For  example,  to 
the  computer,  100  Second  St.  is  not 
the  same  as  100  2nd  St. 

So,  please,  when  you  write  us 
about  your  subscription,  be  sure  to 
enclose  the  mailing  label  from  the 
cover  of  the  magazine— or  else  copy 
your  name  and  address  exactly  as 
they  appear  on  the  mailing  label. 
This  will  greatly  reduce  any  chance 
of  error,  and  we  will  be  able  to  ser¬ 
vice  your  request  much  more 
quickly. 


•sal  PST  200IESS& 

lijn  Quite  portable,  very  affordable  and  un- 

believably  versatile,  the  PET  computer 
may  very  well  be  a  lifetime  investment. 

Model  Description  Price 

2001  Computer  w/8K  $795.00 

2020  PET  Printer  $695.00 

C2N  External  Cassette  $  99.95 

J  l  HICKOK  LX  303  MULTIMETER 

1 _  Compact.  Accurate.  Dependable.  With  oasy-to- 

/JH  read  liquid  crystal  display  for  convenient  use 

jflFl  1  in  any  kind  of  light.  Weighs  only  8  Ounces, 

W  Operates  up  to  200  hrs  on  □  single  9  volt  battery. 
Nineteon  rangos  including  200mV  to  1  000V  DC, 
j  100  to  10  Megohms,  100  and  1000  VAC  ranges, 

JH|  UBM  E‘  IOuA  and  10mA  ranges.  Excellent  overload  pro- 
...  toction,  color  coordinated  case  and 
.  . ~v*=r,'x\ *74“  color  coded  panel. 

ANCRONA  HAS  THE  SOURCERER™  COMPUTER 
*895°° 

r  STANDARO  FEATURES:  Z80-4K  ROM- 
8K  RAM-Dual  Cassette  1/0-30  Lines  of 
64  Characters- 64  Defined  Characters  and 
64  User  Defined  Characters— 512  x  240 
^  Graphic  Resolution- Edge  Card  Connection 
to  SI 00  Bus— Serial  and  Parallel  I/O 

OPTIONS:  Expandable  to  32K  RAM-8-Slot  SI 00  Bui-Printer-Disk 
Storage— Telephone- Voice— Home  Controller 


MICR0P0WER  Timing  Circuit 

intarsii  s  Universal 
Counter  System 

EVALUATION  KIT 

ICM7226EV  $  59s5 

Directly  Inter¬ 
changeable 
with  popular 
555  Timer. 
Dissipates 

1/1 5th  power. 

$1.50  each 

***  I169IXR-2206KB 


FUNCTION  GENERATOR  KIT  deludes ati 

components,  PC  board  and  instructions. 


Intersil  LED  or  LCD 
3%  DIGIT  PANEL 
METER  KITS 

BUILD  A  WORKING  OPM  IN  1/2HOUR  WITH 
THESE  COMPLETE  EVALUATION  KITS 

Test  iti*w  new  parti  to,  you  noli  Irueriil’i  low  col! 

prototyping  kitt.  complete  with  A/O  convene,  end  LCD  display 
(for  I  be  7 106)  Or  LED  dllplly  (lor  (tie  7107)  Km  provide  *11 
materuli,  including  PC  board,  lor  e  functioning  panel  meter 
ICL7106EV  (LCO)  $29.95  ICL710T  (LED)  $24.95 


,  15  Megahertz  PORTABLE  MINI-SCOPES 

TRACE  MS-215 

$43500 

SINGLE  ..0  iC 

TRACE  MS-15 

$31800 

With  RECHARGEABLE 
PORTABLE  (2.7“Hx6.4"Wx 7.6**D)  BATTE  RIES  &  CHARGE  R 
AVAILABLE  OPTIONS  -  usable  on  both  tha  MS-215  and  the  MS-15 
41-140  Leather  Carrying  Caee  $46.00  —  41-141  1  0  to  1  Probe  $24-50 


5%  CARBON  FILM  »» 

RESISTORS  S 

AH  values  from  lOSl  to  10  MSI—  Only  in  multiples  of  100 pcs  per  value 

The  Instructor  50 

Desktop  Compute, 

from  SIGNETICS 

Complete,  Ready-To-Use 
Microprocessor  Learning  Package 

Includes  everything  you  need  to  write, 
run  and  debug  machine-language  pro¬ 
gram*.  Housed  in  one  compact  package. 


Send  Check  or 
Money  Order  to: 

P.O.  Box  2208P,  Culver  City,  CA  90230.  California  rest- 

_ -  dents  add  6%  rates  tax.  Minimum  Order;  $10.00.  Add 

$1.00  to  cover  postage  and  handling.  Master  Charge  and 
Visa  welcomed.  Please  include  your  charge  card  number,  Interbank 
number  and  expiration  date.  PHONE  ORDERS  (213)  641-4064 


CIRCLE  NO.  4  ON  FREE  INFORMATION  CARD 


t  SEND  FO^  1UR  FREE  CATALOG  -  THOUSANDS  OF  SURPLUS  BARGAINS  AVAILABLE  ^OR  HOBByi^X 


PRIME  TTL  &  CMOS  AT  LOWEST  PRICES 


1  _ 

7430  .. 

.  0.31 

74181  . 

..1.75 

74LS42  ..0.60 

74LS192  ,0.90 

74S78  . 

.  0.58 

74C48  . 

,0.96 

4007  . 

..0.16 

4086  . 

..0.64 

egoth 

7482  .. 

..0.50 

74182  . 

..0.75 

74LS47  ..0.75 

74LS193  .0.90 

74S112 

..0.58 

74C73  . 

.0.62 

4008  , 

..0.74 

4089  .. 

. .  2.75 

7433  .. 

.  0.54 

74184  . 

,.1.75 

74LS48  . .  0.72 

74LS194  .0.85 

74S113 

.0.58 

74C74  . 

.0.48 

4009  . 

. .  0.35 

4093  .. 

-.1.55 

7400  . 

.80.14 

7435  .. 

.  0.80 

74185  . 

..1.75 

74LS51  _0.25 

74LS195  .0.50 

74S114 

.0.58 

74C76  . 

.0.68 

4010  . 

..0.35 

4099  . 

..2.10 

7401  . 

..0.15 

7436  .. 

.0.27 

74188  . 

.,2.80 

74LS54  ,.0.25 

74LS196  .0.80 

74S132 

.0.75 

74C83  . 

,  1.28 

4011  . 

..0.16 

4104  . 

. .  2.40 

7402  . 

..0.15 

7489  .. 

.  1.75 

74190  . 

..0.95 

74LS55  ..0.25 

74LS197  .0.80 

74S133 

.0.38 

74C85  . 

.  1.20 

4012  . 

..0.16 

4503  . 

. .  0,98 

7403  . 

..0.15 

7490  .. 

..0.40 

74191  , 

..0.95 

74LS73  ..0.38 

74LS221  .1.05 

74S134 

,0.38 

74C86  . 

.0.40 

4013  . 

..0.31 

4507  . 

.,0.37 

7404  . 

..0.16 

7491  .. 

..0.51 

74192  . 

.  0.80 

74LS74  .,0.35 

74LS251  .0.80 

74S135 

,0.49 

74C89  . 

.3.95 

4014  , 

..0.73 

4510  .. 

..9.95 

7405  . 

..0,16 

7492 

..0.40 

74193  . 

,  0.80 

74LS76  ..0.37 

74LS253  .0.80 

74S138 

.0.77 

74C90  . 

.0.92 

4015  . 

..0.73 

4511  . 

..0.93 

7406  . 

,.0.24 

7493  .. 

. .  0.40 

74194  . 

..0.80 

74LS78  ..0.36 

74LS257  .  0.70 

74S139 

.1.50 

74C93  . 

.0.92 

4018  . 

..0.28 

4512  .. 

. .  0.64 

7407  . 

..  .24 

7494  .. 

..0.60 

74195  . 

.  0.49 

74LS83  ..0.75 

74LS258  , 0.70 

74S140 

.0.47 

74C95  . 

.1.04 

4017  . 

..0.78 

4516  .. 

..0.76 

7408  . 

,.0.17 

7495  .. 

..0.60 

74196  . 

-.0.73 

74LS85  ..1.30 

74LS259  .  1.60 

74S151 

.  1.25 

74C107 

.0.68 

4018  . 

..0.78 

4518  .. 

..0.76 

7409  . 

..0.17 

7496  .. 

..0.60 

74197  . 

..0.73 

74LS86  ..0.36 

74LS260  .0.34 

74S153 

.2.10 

74C151 

..1.78 

4019  . 

..0.21 

4519  .. 

..0.62 

7410  . 

.,0,15 

7497  .. 

..2.45 

74198  . 

..1.30 

74LS90  ,.0.50 

74LS266  . 0.26 

74S157 

.0.75 

74C154 

.2,90 

4020  . 

..0.83 

4520  .. 

..0.68 

7411  . 

...0.18 

74107  . 

..0.29 

74199  . 

..1.30 

74LS92  ..0.50 

74LS279  .0.52 

74S158 

.1.25 

74C157 

.1.78 

4021  . 

.,0.83 

4527 

..1.48 

7412  . 

...0.20 

74109  . 

..0,32 

74251  . 

..1.00 

74LS93  ..0.50 

74LS283  .0.72 

74S174 

.  1.50 

74C160 

.1.08 

4022  . 

. .  0.83 

4528 

..0.66 

7413  . 

. . .  0.25 

74121  . 

. .  0.29 

74279  . 

.  0.49 

74LS95  ..0.85 

74LS290  .  0.60 

74S175 

.  1.45 

74C161 

.  1.08 

4023  . 

..0.16 

4532  .. 

. .  0.86 

7414  . 

...0.55 

74122  . 

..0.35 

74283  . 

..1.00 

74LS107  .0.35 

74LS295  .0.90 

74S189 

.2.75 

74C162 

.1.08 

4024  . 

..0.66 

4539  .. 

..1.10 

7416  . 

. . .  0.22 

74123  . 

..0.39 

74290  . 

..0.59 

74LS109  .0.35 

74LS298  . 0.90 

74S194 

.1.75 

74C163 

.1.08 

4025  . 

..0.16 

4555  ... 

..0.67 

7417  . 

...0.22 

74125  . 

..0.37 

74293  . 

..0.57 

74LS112  .0.35 

74LS365  .0.52 

74S200 

.3.25 

74C164 

.1.08 

4027  . 

. .  0.37 

4556  .. 

. .  0.88 

7420  . 

..,0.15 

74126  . 

..0.38 

74298  . 

..0.92 

74LS113  .0.35 

74LS366  . 0.52 

74S206 

.3.75 

74C165 

.1.08 

4028  . 

..0.73 

4582  .. 

..0.88 

7421  . 

...0.17 

74132  . 

.  0.65 

74365  . 

.0.62 

74LS114  ,0.35 

74LS367  . 0.52 

74S253 

.0.95 

74C173 

.1.16 

4029  . 

.,0.98 

4584  . 

..0.74 

7423  . 

. .  0.25 

74141  . 

..0.70 

74366  , 

.0.62 

74LS123  .0.90 

74LS368  .0.52 

74S257 

.1.15 

74C174 

.1.08 

4030  , 

..0.21 

4702  .. 

..7.10 

7425  . 

..0.25 

74145  . 

..0.65 

74367  . 

.0.62 

74LS125  .0.46 

74LS386  .  0.36 

74S258 

.  1.15 

74C175 

.  1.04 

4031  . 

..2.97 

4703  .. 

..8.25 

7426  . 

. ,  0.22 

74147  . 

..  1.50 

74368  . 

.0.62 

74LS126  .0.46 

74LS390  .1.65 

74S280 

.2.25 

74C192 

.1.30 

4034  . 

. .  2.75 

4704  .. 

..7.30 

7427  . 

..0.19 

74148  . 

..1.15 

74LS132  .0.72 

74LS393  . 1.35 

74S287 

.3.20 

74C193 

.  1,30 

4035  . 

..0,84 

4705  .. 

..9.25 

7430  . 

..0.15 

74150  . 

.  0.79 

74LS133  .0.34 

74LS490  .1.10 

74S289 

..3.55 

74C195 

..1.10 

4040  . 

,.0.86 

4706  ... 

..9.75 

7432  . 

..0.23 

74151  . 

, .  0.59 

iwa 

74 LSI 36  ,0.35 

74LS670  .2.29 

74S300 

..1.60 

74C200 

. .  7.50 

4041  . 

..0.64 

4707  .. 

..9.25 

7437  . 

. .  0.21 

74152  , 

. .  0,69 

74LS00 

$0.21 

74LS138  .0.70 

74S305 

..1.90 

74C221 

..1.38 

4042  . 

..0.64 

4708  .. 

.  14.35 

7438 

. .  0.21 

74153  . 

..0.60 

74LS01 

.0.27 

74LS139  .0.70 

74S310 

..2.85 

74C901 

,.0.48 

4043  . 

..0.62 

4710  .. 

. .  6.40 

7439  .. 

..0.25 

74154  . 

. .  0.95 

74LS02 

.0.21 

74LS151  .0.65 

74S312 

..1.05 

74C902 

..0.48 

4044  . 

..0.62 

4720  .. 

..6.95 

7440 

...0.15 

74155  . 

. .  0.65 

74LS03 

.0.21 

74LS152  .0.65 

74S00  ..$0.35 

74S313 

..1.55 

74C903 

..0.48 

4046  . 

..1.35 

4721  .. 

.  31.35 

7441  . 

...0.70 

74156  . 

..0.65 

74LS04 

.0.24 

74LS153  .0.66 

74S02  ...0.35 

74S316 

..2.80 

74C904 

..0.48 

4047  , 

..1.45 

4723  .. 

. .  0.93 

7442  . 

. . .  0.38 

74157  . 

..0.59 

74LS05 

.0,24 

74LS154  .1.00 

74S03  ...0.35 

74S341 

.,4.10 

74C905 

..6.00 

4048  . 

..0.95 

4724  .. 

..1.29 

7443  . 

, . .  0.55 

74158  . 

. .  0.59 

74LS08 

.0.23 

74LS155  .0.62 

74S04  .,.0.36 

74S342 

.,1.20 

74C906 

..0.48 

4049  , 

..0.33 

4725  .. 

..1.29 

7444  . 

...0.55 

74160  . 

..0.79 

74LS09 

.0.23 

74LS156  .0.62 

74S05  ...0.36 

74S343 

. .  4.95 

74C907 

. .  0.48 

4050  . 

..0.33 

40014  . 

. .  0.72 

7445  . 

...0.55 

74161  . 

..0.79 

74LS10 

..0.21 

74 LSI 57  ,0.62 

74S08  ...0.38 

74S346 

.,1.25 

74C908 

..0.96 

4051  . 

. .  0.89 

40085  . 

. .  1.47 

7446  . 

. . .  0.62 

74162  . 

..0.79 

74LS11 

.0.21 

74LS158  .0.70 

74S09  ...0.38 

74S362 

..2.15 

74C909 

..1.78 

4052  . 

..0.89 

40097  . 

. .  0.54 

7447  > 

...0.57  | 

74163  . 

. .  0.79 

74LS12 

,0.27 

74 LSI 60  .0.82 

74S10  ...0.35 

74S387 

..4.70 

74C910 

..6.00 

4053  .* 

. .  0.89 

40098  . 

. .  0.54 

7448  .. 

...0.60 

74164  . 

..0,79 

74LS13 

.  0.40 

74LS161  .0.82 

74S11  ...0.38 

74C914 

..0.90 

4060  . 

..1.40 

40106  . 

. .  G.90 

7450  . 

...0.15  1 

74165  . 

..0.90 

74LS14 

.0.85 

74LS162  .0.82 

74S15  ...0.38 

74C918 

..1.16 

4066  . 

. .  0.54 

40160  . 

.‘.LOR 

7451  . 

...0.15 

74166  . 

..0.95 

74LS15 

..0.26 

74LS163  ,0.82 

74S20  ...0.35 

74C925 

..7.80 

4068  . 

. .  0.34 

40161  . 

..1.08 

7453  . 

...0.15 

74167  . 

..3.20 

74LS20 

..0.23 

74LS164  .0.98 

74S22  ...0.36 

74C00  . 

.$0.24 

74C926 

.,7.80 

4069  . 

..0.26 

40162  . 

..1.08 

7454  . 

...0.15 

74170  . 

..1.85 

74LS21 

..0.23 

74LS168  .0.83 

74S30  . . ,  0.27 

74C02  . 

.  0.24 

74C927 

..7.80 

4070  . 

. .  0.40 

40163  . 

..1.08 

7459  . 

. . .  0.15 

74173  . 

..1.10 

74L322 

.  0.23 

74LS169  .0.83 

74S32  ...0.50 

74C04  . 

.  0.26 

74C928 

..7,80 

4071  . 

..0.19 

40174  . 

..1.08 

7460  , 

...0.15 

74174  . 

..0.85 

74LS26 

..0.31 

74LS170  .  1.60 

74S40  ...0.35 

74C08  . 

,.0.25 

4073  .. 

..0.21 

7470  . 

...0.27 

74175  . 

. .  0.75 

74LS27 

..0.26 

74LS173  .1.00 

74S51  ,..0.17 

74C10  . 

.  0.24 

4075  . 

..0.21 

1  7472  . 

. , ,  0.24 

74176  . 

. .  0.69 

74LS30 

.  0.23 

74 LSI 74  .0.75 

74S60  ...0.35 

74C14  . 

,.0.90 

4076  , 

..1.16 

7473  . 

...0.24 

74177  . 

. .  0.70 

74LS32 

.  0.30 

74LS175  .0.79 

74S64  ...0.38 

74C20  . 

.  0.25 

4000  .. 

.$0.16 

4077  . 

. .  0.46 

7474  ., 

...0.24 

74178  . 

. .  1.20 

74LS37 

..0.31 

74LS181  .2.50 

74S65  ...0.38 

74C30  . 

..0.24 

4001  .. 

..0.16 

4078  . 

..0.35 

7475  ., 

, . ,  0.45 

74179  . 

..1.20 

74LS38 

..0.31 

74LS190  .0.90 

74S74  ...0.58 

74C32  . 

.  0.25 

4002  .. 

..0.16 

4001  . 

..0.19 

7476  . , 

, . .  0.29 

74180  . 

. .  0.65 

74LS40 

..0.26 

74LS191  .0.90 

74S76  ...0.58 

74C42  . 

.  0.94 

4006  .. 

.  0.85 

4085  . 

..0.64  ■ 

Merchandise  Total  Discount 

$  000-$  999 . NET 

$  10.00-$  24.99 . LESS 5% 

$  25. 00-$  99.99 . LESS  10% 

$  100.00-$499.99 . LESS  15% 

$  500.00-S999.99 . LESS 20% 

$1000.00 and  Up . LESS 25% 


If  your  Merchandise  Total  is  between: 

$  0.00-$  4.99 . add $2.00 

$  5.00— $24.99 . add  $1.00 

$  25.00-S49.99 . add $0.75 

$  50.00-S99.99 . add $0.50 

SI 00 and  Up . NO  CHA  RGE 

The  above  charges  include  shipping  via 
First  Class  Mai!  or  UPS  (your  choice ), 
and  insurance  on  all  domestic 
shipments. 


COD  . $1.00-additiona/ 

UPS  Blue . $2.00 -additional 

Postal  Insurance  ..$1.  OO-addltional 
Special  Delivery . .  .$1.25-additional 


INTERNATIONAL 

COMPONENTS 

CORPORATION 


P.  O.  BOX  1837 
COLUMBIA,  MO  65201 
PHONE:  1314)  474-9485 


CIRCLENO.  27 ON  FREE 


INFORMATION  CARD 


ASC-11  KEYBOARD 

CONSOLE 


Neat  new  closed-circuit  alarm 
board  will  latch  a  relay  if  the  alarm 
circuit  is  opened.  This  unit  oper¬ 
ates  on  1  2-VDC  at  such  a  low  price, 
it  makes  a  perfect  compact  alarm 
component.  With  Data.  Qty  Ltd. 
Sh.  Wt.  6  oz. .  .  BK30267  .  .  $2.88 
5  for  $13.88.  8K30267  .  $1  3.88/5 


REMOTE 

CONTROL 

SET 


EQUIPTO  RACK  CABINETS 


Size:  24”X24”X68  "  with 
rails  on  front  &  back  for 
mounting  equipment  on  19” 
centers.  No  doors  or  sides  n  ■  nr 
List  price  $185.00  —  NEW  JfJ  \\ 
SURPLUS!  Your  cost  only  SI  [ 
$50.00  each.  Qty  Ltd.  WJ 

I  "fesas*: . .  .$50.00  m 

'circle  reader  service  CARD  ~f 


Brand  New!  Originally  for  TV  use  .... 
You  can  use  it  to  control  stereo  on/off, 
tape  on/off,  volume  &  much  much  more. 

All  are  controlled  from  across  the  room 
with  a  hand  held  xmitter.  For  the  ser¬ 
ious  custom  designer.  Includes:  Trans¬ 
mitter,  receiver  &  Mfg's  schematics. 

Sh.  Wt.  2  Lbs.  .  .  8C30372.  .  <££5  QQ 

BOOKSHELF/  lr~  _  il 
FLOOR  [ 

SPEAKER  !  iLSyfol 

KIT  |l  w  v 

3-WAY  Bookshelf  System 
Big  enought  to  utilize  full  size  speakers: 
10”  woofer,  5”  middler  &  4"  super 
tweeter.  Big  enough  to  handle  50 

Watts/channel,  small  enough  to  fit  your 
budget.  Freq.  Resp.  30  to  22,000  Hz. 
Ferro-Fluid  Damping.  Cabinet  size 
20x1  1  x  9  Vs  ”  d  p .  Good  things  come  in 

small  packages  -  a  nice  extra  set  for  the 
other  room..?  Sh.  Wt.  60  Lbs.  {allow  for 
two  30  Lb  parcels)  fl?OQ  OO/D,  i 
KIT  Order  No.  8  Y0542  j)QO .00/  Y X.  ; 

TERMS:  Add  Postage  -  NO  C.O.D's  please.  | 


Phone  Orders 
And 

Charge  It! 

Use  Your  Manchester,  N.H. 

B&F  ENTERPRISES 
16171  DEPT  P-3 

531-5774  119  Foster  Street 

w*’  Peabody,  MA.  01960 
|  (617)531-5774 

[  FREE  JUMBO  CATALOG 


g"  iriTEGRflTED 
IS  ELECTRDniCS 

540  Weddell  Drive,  #4,  Sunnyvale,  CA  94086  (408)734-8470 

SN  76477  Complex  Sound  Generator  $3.50 

This  is  a  programmable  sound  effect  generator  capable  of  pro¬ 
ducing  a  wide  variety  of  sounds  from  high  to  low  frequency. 
Using  this  chip  &  a  small  number  of  inexpensive  parts,  a  variety 
of  projects  may  be  built.  Spec  shs  &  application  notes  $1  .00 

TL500  Analog  Processor  $8.50 

The  TL500  contains  all  the  active  analog  elements  for  an  auto¬ 
matic  zeroing  and  automatic  polarity.  It  is  a  13-bit  dual-slope 
A/D  converter  that  has  true  differential  inputs.  It  requires  3 
caps.  &  2  resistors  with  no  special  matching  or  tolerances.  It 
is  designed  for  use  with  the  TL502.  Spec  sheet  $  .2  5 

TL502  Digital  Panel  Meter  L.D.  $7.50 

This  is  a  4Vi-digi t  Digital  Panel  Meter  L.D.  that  is  designed  to 
interface  with  the  TL500  analog  processor.  It  provides  base 
drive  for  external  PNP  digit  &  segment  drivers  providing  direct 
interface  with  7-segment  display.  Spec  sheet  $  .2  5 

LD130  A/D  Converter  $5.50 

Single-reference  voltage,  auto  zero  and  auto  polarity.  It  is  de¬ 
signed  for  Digital  Voltmeters,  Panel  Meters,  Digital  Thermo¬ 
meters,  Microprocessor  Interfaces  to  Analog  Signals,  &  General 
Instrumentation.  34-pg.  Spec  &  Application  notes  $2,50 

MM5865  Programmable  Stopwatch  $7.50 

7-function  Universal  Timer  and  Stopwatch.  Start/stop  with 
elapse  time,  start/stop  accumulative  event  time,  split,  sequential 
total  elapse  time,  rally  total  elapse  time,  program  up  and  down 
count.  It  uses  32.8  KHz  crystal  or  external  clock. 

Spec  sheet  &  10-page  Application  notes  $1  .5  0 


32.8  KHz  Crystal 


$4.00 


CIRCLE  NO.  8  ON  FREE  INFORMATION  CARD 


Minimum  order  $5.00  US  currency.  Check  or  money  order  only.  Add  5%  lo  cover  thinning  end 
handling  charge*.  Calif,  res.dents  edd  G%  tale*  tax.  Santa  Clara  County  retidentt  add  6.5%  tale*  «*. 

CIRCLE  NO.  26  ON  FREE  INFORMATION  CARD 


Original  Japanese  Replacement  Parts  for  TV,  Stereo  and  CB 
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1  BO 

0  10 

UPC 1026 

1  05 

J  05 

a  35 

J5Cl« 

40 

GO 

66 

2SC1DO0GL  36 

40 

.45 

25CI&67 

.50 

.70 

.80 

35K40 

1  25 

1  40 

1.E5 

5TK435 

4  45 

4  96 

6  65 

UPC 1035 

>40 

1  62 

1  10 

2SCIB* 

4B 

60 

55 

2SC1D13 

46 

00 

65 

asci96t) 

3.50 

3.00 

4.30 

3SK41 

1.2S 

1.40 

1  55 

5TK439 

a  00 

9  00  10.00 

UPC  1 031 H 

7  61 

3,74 

2,08 

JSC 37 2 

.20 

J7 

10 

2SCI0T4 

50 

60 

60 

2SC1373 

TO 

66 

70 

35X40 

T  15 

140 

1  55 

TA704GM* 

1-95 

2. 16 

a.afi 

UPC103JH 

1.70 

1.95 

2.10 

2SC373 

2D 

27 

3D 

JSClOTB 

70 

.75 

B6 

2SC1974 

1  25 

1  G& 

>06 

3EK49 

3  30 

3.40 

3  70 

TA7DG6P 

1  35 

I  >6 

2.46 

(JPCH62H 

2  90 

3  10 

3.30 

2SCaJQ 

?tl 

-2? 

30 

asc  KID 

\  60 

2  05 

2  35 

2SC1975 

1  15 

1  55 

1  06 

35K40 

1  35 

140 

1  56 

TA7O00P 

15 

1  06 

1.16 

UPC115G 

1*6 

2  B6 

236 

2  SC  30? 

30 

40 

45 

2SC10S6 

4  50 

4  70 

4  90 

ISC70M 

75 

00 

95 

AN  US 

2  00 

a  15 

7  26 

TA70E1P 

65 

1.06 

1.16 

UPD277C 

B  70 

a. 90 

9,10 

3SC1B7A 

30 

40 

45 

asc  10&O 

55 

55 

ISC 102 1 

56 

,50 

.95 

ANI14D 

>55 

1.65 

1  65 

TA7DG2P 

1  05 

1  20 

1  36 

UPD067C 

7.90 

B.30 

9.40 

.25 

10 

.35 

JSC  1061 

.70 

90 

90 

2SC  2079 

50 

TO 

,05 

AW22B 

4  10 

4.30 

4  60 

TAJ063P 

1.26 

1.1E 

1,50 

UPD55BC 

7  00 

T  10 

7.20 

JSC 45* 

2D 

27 

.30 

2SCT0S0 

.46 

50 

60 

JSC  2OJ0 

1  .45 

1.7B 

105 

AI0J39 

4  10 

4  30 

4.00 

TA7074P 

3.70 

3  05 

4,00 

UPD861C 

a  70 

t  30 

9,10 

PRICES  MAY  CHANGE  WITHOUT  NOTICE  COD  ORDERS  WELCOMED 


Minimum  crdar  S  10.00  -  Rfesidant?  add  lift  Sfles  Tin. 
Wo  puv  portaftp  for  prepaid  ardarc  of  SSO  OO  or  more, 
Urnlof  SSQQG, rid  $rOO,Cansdii  S1-S0* 

Qiiimiiv  DfccoUirt  Price  -  As*  tor  our  tomplo'o  price  Her 
Mantitficturct  Inquiries  wploomo  -  All  ports  guararttaod. 

TOLL  FREE  TELEPHONE 
Naif  on  wide  800/63 VI 250  Local  261/748-5086 

HOURS  Mon,  *  Fri;  8  to  6t30  S»t,  8  to  I 


IMMEOIATf  DELIVERY  WITHIN  48  HOURS 
ON  ALL  TRANSISTORS  IN  STOCK 


NEW- TONE  ELECTRONICS  INTERNATIONAL 
P.  O.  Box  173B,  Bloomfield,  N.  J.  07003 
New  Jersey  Phonos  201/740  6171 


CIRCLE  NO.  35  ON  FREE  INFORMATION  CARD 


CODEvl-PHONE 

Telephone  Answering  Devices 
Wi  remote  .  ? 

~= —  Command 


w^iHna  $13995 


L 


$249  95**/* 


ITV-VTR-MATV 
land  Video  Analyzer 


’  334-  Digit 

'■Portable  DMM 


nii»l  air  I  4TDUU  ^  — - ,1 

$85 

$11 0.50 


Ungar- 
I  Heat  Gun’ 

Piny  *65  MO 

$46.50 


ini 

1ST 

S  n 

F_  D; 

>>  » 

V"* 

$875.00  su7a.™, 


Weller’.  Xcdite1. 


raiKs  15  MHz  Mini 
ifTTRi  Oscilloscope 

1  (.  UJw^'M.id.  M$ 

ii..,  S3  111  nil 

$269.95  Lf?“*‘iJ 


CONTI  NENTA^PE^roirr _ 

100  MHz  8-Digit  Counter  SI  19.00-^^^^g 

PS5B0  500MH2  Prescaler  S52.95  _ 

jiiTransistorizedlRSR  Channel! 

I  PQ  Dni4na 


max  mo 


BSS3MSS  nigital 

Capacitance  Meter] 

I  WAHL 

■•■I.  input/  isn-TiP 


LCR  Bridge  [Accessories 
'  ft  $24.95! 

$271.95 


$110.50 

Logic  Monitor! 


,NEW  ISO-TIP 
"Quick  Charge"  J 


iv^npy  tjT  x  y  / 
OOh-WayL^ 
,  “S‘|Sp»akBfJ 
S27.95  O 


i  - ' *  i> 

. - . - "»  ■; .  I.,  |  514,95 

~.r. i  1 1^,’ In®  .r^hs  ismhT 
$52.95^,*  T^TVortahle 

kmcKOkT T race  . 

Function  I  Scope,.!  1- 

LU  "  #  -  +  n  r  1  Modi!  1 4  W  f  * - *  f-  ' 

GeneratoLI 


|  Service  Master  Attache  Style 
Tool  Kit  Tool  Cases 

Mimei995M  MOOfcl  TC  IM'ST  */♦- 

oc  ^  *■  Roll  Kit 

542  95  $269.95  $15.95 


NOW  AVAILABLE 
UujI  1  racr  Verson 

Meiti'l  MS  215  flau  >4  35 Ml 


$369.95 


^TQ  Logic  Probe 
. ,HZ«Z .  540.00 

■  Ik . . .  •  'I  1 1  m .s,r  fialrtpki* 


20  MHz. 
Dual  Trace 


rif  mu 

•  U  SUPER 


SPECIAL 


piatt 
Attach 
Tool 
Case 
with  2 
Removable  Pallets 
“'.'“J  $65.00 


S654.5Q 


A 


1  POCKET  CRICKET 

\  transistor  fet  tester 

1n«5,?sm  $99.95 

true 


ISagmTie^I 


1  700  Series 


IBZ?  |  AM/FM  8  Track 
vi  J  Stereo, 


ny 


Auto  Stereo  40  Watt  |V0M  Multimeters 

Power  Booster^  l?0K  ohm/v  S19  95 
I  PQ  W-40  "■  "■  ™  *$24.95 1  onm/v  *13.33 


w  la  nm  re  red  «a'r 

|J_K  otim/v  $9.95 


30MHz 
1  Portable 


CJ77 

$52.50“ 


CAS  808 

$57.50 


.am/fm 

r  Cassette 
Stereo 


*1 69.1  Sf Weller 

iSub-  1„“  “n,-,nfl  i.*"111’* 
istitution 
Box  $51 

Model  2916 _ elect  me  pm*  iTat^lAn 

Call  TOLL  FREE1  - 
(800)  645-9518 


IsolderinO 

IStation. 


i  FREE 
1979 


SgteW  Counter 


$59.95 


Transistor  Tester 
$22.00^4 

Model  IGQ 

■trvT.*;,  . ' 

FORDHAM 


J 1 


CIRCLE  NO.  ZO  ON  FREE  INFORMATION  CARD 


/ 


Operation  Assist 

If  you  need  information  on  outdated  or  rare 
equipment— a  schematic,  parts  list,  etc.— another  reader 
might  be  able  to  assist.  Simply  send  a  postcard  to  Opera¬ 
tion  Assist,  Popular  Electronics.  1  Park  Ave.,  New  York, 
NY  10016.  For  those  who  can  help  readers,  please  re¬ 
spond  directly  to  them.  They’ll  appreciate  it.  (Only  those 
items  regarding  equipment  not  available  from  normal 
sources  are  published.) 


S.C.A.  Service  Company  model  SCA-1  decoder.  Need  as¬ 
sembly  instructions,  parts  layout  and  adjustment.  R.  Harding. 
80  Elizabeth  Village.  Carrollton,  GA301 17. 

Wells  Gardner,  Navy  Radio  Receiver.  .54  to  30  MHz,  model 
RAO-3,  Type  CWQ-461 87- A.  Need  manufacturing  alignment 
instructions  or  technical  manual.  Donald  A.  Weiler,  4641  Ka- 
wanee  Ave.,  Metairie,  LA  70002. 

Sanyo  model  34401,  chassis  564.51035,  reel-to-reel  record¬ 
er.  Need  owner's  and/or  service  manual.  W.  Erwin,  Box  422, 
Polk  City.  FL  33868. 

Dyn-Sonlc  AM/FM  Stereo,  8  Track  model  DS-3055.  Need 
schematic,  parts  layout  and  parts  list.  William  G.  Wentz,  Jr., 
106  Fannin.  Goodlettsville,  TN  37072. 

Jackson  tube  tester  model  648.  Need  tube  charts  since  1 964. 
Carlton  Wilson,  Box  535,  Altavista.  VA  2451 7. 

Presto  Recording  Corporation  type  CDR  Console  tape  re¬ 
corder.  Need  operation  manual.  Fairchild  SM-2.  Need  re¬ 
placement  stylus.  Thomas  F.  Blue,  Jr..  Box  1765,  Louisville, 
KY  40201. 

Oaytonla  Red  Baron  and  Quintron  solid-state  metal  detec¬ 
tors  needed.  W.G.  Eslick,  2607  E.  1 3th,  Wichita.  KS  6721 4. 

Saab/Be ndix  model  9FBSA  AM-FM  auto  radio.  Need  sche¬ 
matic  or  Sams  auto  radio  series  1 10.  Peter  Moranski,  35  Re¬ 
vere  Rd.,  Fishkill,  NY  12524. 

Electro  nuclear  DX  navigator  Loran  C  model  1 02A.  Schemat¬ 


ic  or  manual  needed.  Dave  Piersen,  Box  66,  Maynard  MA 
01751. 

Eld  I  co  model  SSB  100  Mil.  Need  instruction  manual.  W.E. 
Whitlock,  1214  Vilsmeier  Rd.,  Lansdate,  PA  19446. 

Lake  Manufacturing  Company  Voycall  amplifier  type 
S100GLA  serial  #  125851.  Need  tube  layout  and  schematic. 
Allan  W.  Young,  157  Bragg  Ave.,  Grass  Valley.  CA  95945. 

Hammarlund  model  HZ-129-X  communications  receiver. 
Need  bandspread  drive  assembly,  consisting  of  knob,  shaft, 
bushing,  flywheel  and  rim  drive.  Gerald  Koske.  10204  Thayer 
Rd.,  Wonder  Lake,  IL  60097. 

U.S.  Signal  Corps  DY-94/GRC-10,  R-125/GRC-10.  T-235/ 
GRC-10,  F-237/GRC  and  systempatch  panel.  Need  sche¬ 
matics  and  manuals.  Gary  B.  Rogers.  1 1 15  Briardiff  Rd.,  Per¬ 
ry,  G  A  31069. 

Bell  900  stereo  receiver.  Need  schematic  and  parts  list.  R. 
Swaljug,  3059  N.  Oleander  Ave.,  Chicago,  IL  60635. 

Mediator  A71-C.  Need  potentiometric  voltmeter  manual. 
Rase  Englnaarin  g  1051 .  Need  pulse  generator  manual.  R. 
Sandell,  26  G.H.  Baker  Dr.,  Urbana,  IL  61801. 

Sentinel  Radio  model  293-W.  Need  glass  tuning  dial.  Emer¬ 
son  Radio  serial  number  EC-5983264.  Need  cabinet  and 
handle.  Stanley  Liszewski.  182  Fairview  Ave.,  Par  am  us,  NJ 
07652. 

Philco  model  42-1015  radio.  4  Band  MX,  2X  SW,  FM-12  tube. 
Need  service  data.  Loewe  Super  32  radio  made  in  Germany 
in  early  1930's.  Need  service  data  and  tube  type2HMD.  R.G. 
Paton,  56  Glengarry  Rd.,  Auckland  7,  New  Zealand. 

Globe  Electronics  Globe  Star  CB.  Need  schematic.  W.L. 
Fisher.  Lawrence  Rd..  RFD  1,  M  oh  eg  an  Lake,  NY  10547. 

Sansul  model  5000  AM/FM  tuner  amplifier  unit.  Need  instruc¬ 
tion  manual.  Teny  Miller,  1375  Toedlli  Dr..  Boulder,  CO 
80303. 

Halllcrafters  model  Si  18.  Need  schematic.  Harry  H.  Mun- 
yan,  328  Cavin  St.,  Clayton,  NJ  0831 2. 

Halllcrafters  SX-140K  amateur  band  receiver.  Need  opera¬ 


tion  and  alignment  manual.  Doug  Kowalski,  7319  Donna  Dr.. 
Middleton,  Wl  53562. 

Hlckok  640  AF  oscilloscope.  Need  power  transformer. 
Kenneth  Grant,  409  Danube,  Borger,  TX  79007. 

Philco  model  42-1015  FM,  MW.  2XSW  receiver  and  Atwa¬ 
ter  Kent  model  P71 7X  3-band  receiver.  Need  service  manu¬ 
als.  R.  G.  Paton,  56  Glengany  Rd.,  Glen  Eden.  Auckland  7, 
New  Zealand. 

Superior  Instruments  Co.,  model  TD-55.  Need  schematic, 
circuit  diagram,  tube  charts  and  operation  manual  for  tube 
tester.  Larry  Cook,  362  East  South  St..  Richland  Center,  Wl 
53581. 

Sherwood  model  S8900  FM  stereo  receiver.  Schematic. 
Charles  Butler,  AOE  N.A.S.  Whiling  Reid,  Milton,  FL  32570. 

Morrow  Radio  Phones  model  5W1  transceiver.  Schematic. 
Vincent  Peery,  Box  579.  Johnson,  KS  67858. 

Grundlg  model  TK-46  tape  recorder.  Schematic.  Raymond 
Clayman,  1644  Fairfield  Ave.,  Kingsport,  TN  37664. 

National  Radio  Co.,  1 90  receiver.  Will  buy  discarded  receiv¬ 
er  for  parts.  Ralph  J.  Monson,  Rt.  1  Box  736,  Lancaster,  VA 
22503. 

R.C.A.  model  R.C.  22  receiving  lube  series.  Need  informa¬ 
tion  on  how  to  purchase.  B.  J.  Maxwell,  139  Oswald  St., 
Breaux  Bridge,  LA. 

Pilot  model  900  stereo  tuner  amplifier.  Need  schematic,  in¬ 
struction  manual  and  alignment  data.  J.  Radlick,  36651  Tu- 
lane,  Sterling  Heights,  Ml  48077. 

McMurdo  Silver  Company,  Vomax  model  900  test  meter. 
Operating  instructions.  M.  Stanfa,  519  N.  16th  St.,  Murphys- 
boro,  IL  62966. 

Radlac  AN/PDR-49A  and  DT-191A/PDR-49  set  and  detec¬ 
tor.  Need  instruction  manual  and  schematics.  David  Moody. 
4305  So.  8  St.,  Terre  Haute,  IN  47802. 

Cape  hart  model  8TPR-1 03  or  8TPR-23R,  serial  #401 01 1 07 
stereo  record  player.  Need  schematic  and  parts  list.  William 
C.  Pollard,  1403-A  Williams  Dr.,  Georgetown,  TX  78626. 


FAIRCHILD  RED  LED  LAMPS 

.FLV5057  Medium  Size.  Clear  Case.  RED  EMITTING.  These  are  not 
retested  off-spec  units  as  sold  by  some  of  our  competition  These  are 
factory  prime,  first  quality,  new  units 

^  10  FOR  5119 

50  FOR  $495 

"WE  BOUGHT  250,000  PCS.” 


‘THE  COLOSSUS” 

FAIRCHILD  SUPER  JUMBO  LED  READOUT 

A  full  .80  inch  character.  The  biggest  readout  we  have 
ever  sold!  Super  efficient.  Compare  at  up  to  $2.95  each 
from  others!  YOUR  CHOICE  $-149 

FND  847  Common  Anode  EA 

FND  850  Common  Cathode  (6  for  $6.95) 


NATIONAL  SEMICONDUCTOR 

JUMBO  CLOCK  MODULE 


&  O  ~  O  £? 
Lf  Lf  ‘  Lf  Lf 


ASSEMBLED!  NOT  A  KIT. 

ZULU  VERSION! 

We  have  a  limited  number  of  the  24  HR  Rea! 
time  version  ol  this  module  in  stock 

MMA1008D  —  $9.95 


$095 


(AC  XFMR  $1.95) 


FEATURES 

*  FOUR  JUMBO  Mt  INCH  LED  DISPLAYS 

*  t?  HR  REAL  TIME  FORMAT 

*  24  HR  ALARM  SIGNAL  OUTPUT 

*  50  OR  60  Hi  OPERATION 

*  LED  BRIGHTNESS  CONTROL 

*  POWER  FAILURE  INDICATOR 

*  SLEEP  &  SNOOZE  TIMERS 

*  DIRECT  LED  DRIVE  (LOW  RFI> 

*  COMES  WITH  FULL  DATA 


PERFECT  FOR  USE 
WITH  A  TIMEBASE. 


16K  DYNAMIC  RAM  CHIP 

WORKS  IN  TRS-80  OR  APPLE  II 

16K  X  1  Bits,  16  Pin  Package.  Same  as  Mostek  4116-4. 250  NS  access.  410  NS  cycle 
time.  Our  best  price  yet  for  this  state  of  the  art  RAM.  32K  and  64K  RAM  boards 
using  this  chip  are  readily  available  These  are  new,  fully  guaranteed  devices  by  a 
major  mfg.  VERY  LIMITED  STOCK! 


EXPERIMENTER'S  CRYSTAL 


*1495 


8  FOR  *89.95 


FAIRCHILD  PNP 
“SUPER  TRANSISTOR” 

2N4402  TO-92  Plastic  Silicon  PNP 

Driver  High  Current  VCECM0  HFE-50 
to  150  at  150  MA  FT-150MHZ  A  super 
BEEFED-UP"  Version  ol  the  2N3906 

8  FOR  $1 


FETSALE! 

2N4304.  Brand  New 
N  Channel,  Junction  Fet 
BVGD0-30V  IDSS-15  MATyp. 
1500  uMHOS.  TO-18  Plastic 
Case.  Mfg.  by  Teledyne. 

6  FOR  $1 


JUMBO  1C  ASSORTMENT 

All  new.  not  rejects.  BIG 
computer  mfg.  Surplus.  Some 
standard  marked,  many  house 
numbered.  TTL,  DTL,  LINEAR. 
All  prime,  1st  line. 

50  for  SI. 59  500  for  SI 2.95 


60  Hz  CRYSTAL  TIME  BASE 
$4.95  (Complete  Kit) 

Uses  MM5369  CMOS  divider  1C 
with  high  accuracy  3.579545 
MHZ  Crystal.  Use  with  all  MOS 
Clock  Chips  or  Modules.  Draws 
only  1.5  MA.  AH  parts,  data  and 
PC  Board  included 


^  262.  V44KHZ  This  frequency  is  2 

to  the  18th  power  Easily  divided 
down  to  any  power  of  2.  and  even 
l||  to  1HZ  New  by  CTS-Knight.  A  $5 

II  i  value’ 

$1.25  each 

T  4.00  MHZ  —  $1.75 


MOTOROLA  POWER 
TRIAC 


COMPARE  AT  UP  TO  TWICE 
OUR  PRICE! 


■  MANUFACTURER'S  CLOSEOUT! 


SALE! 

1N4148  DIODES 

High  speed  switching  diodes. 

Silicon.  Same  as  1N914. 
Brand  New.  Full  Leads.  Prime! 

100  FOR  $2  1000  FOR  $17.50 


TO-220  CASE 
15  AMP  400  PH V 
SPEC,AL:  89$  each 

5  FOR  $3.95 


GE  COMPUTER 
CAPACITOR  #2 

10.000  MFD.  16  WVDC. 
Super  small:  3ttx1VJ  in 
Computer  Gradel  20  VDC  Surge. 

$1.59  ea.  3  for  $3.95 


COMPLEMENTARY  POWER  TRANSISTORS 

SILICON  NPN  AND  PNP.  TO-220  CASE. 

VCEO  -  40V  PD  -  30  WATTS 

FOR  AUDIO  POWER  AMPS.  ETC. 

TIP29  -  NPN  YOUR  CHOICE 

TIP30  -  PNP  3FOR$1  ^ 


Digital  Research  Corporation 

W  [OF  TEXAS)  ~ 

P.O.  BOX  401 247 A  GARLAND,  TEXAS  7S040  •  (214}  271-2461 


HY  GAIN 

OP-AMP  AND  RELAY  CONTROL  BOARD 

We  do  not  know  what  these  boards  were  used  in.  but  they  do  contain  a  wealth 
of  quality  components.  Board  has:  2-12VDC  200  OHM  SPDT  Mini  Relays. 
1-CD4001  CMOS.  4-LM35B  High  Performance  OP  AMPS  (same  as  1/2  LM324), 
1-MOTOROLA  MC3340  Mini  Dip.  1-Audio  Output  Transformer.  1-TIP30  30 
WATT  PNP  Power  Transistor,  plus  70  more  assorted  components.  All  parts 
easily  removed  LIMITED  STOCK:  *2.49  each 


TERMS:  Add  304  postage.  we  pay  balance.  Orders  under 
$15  add  7 54  handling.  Nd  C.O.D.  We  accept  Visa,  Master- 
charpe,  and  American  Express  cards.  Tex.  Res.  add  5%  Tax. 
Foreign  orders  [except  Canada)  add  20%  P  &  H.  90  Day 
^□ney  Back  Guaranlfte  on  all  items. 
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Electron  ics  Classif iec 


REGULAR  CLASSIFIED:  COMMERCIAL  RATE:  For  firms  or  individuals  offering  commercial  products  or  services,  $2.50  per  word.  Minimum  order  $37.50.  EX- 
PAND-AD®  CLASSIFIED  RATE:  $3.75  per  word.  Minimum  order  $56.25.  Frequency  discount:  5%  for  6  months;  10%  for  12  months  paid  in  advance.  PERSONAL 
RATE:  For  individuals  with  a  personal  item  to  buy  or  sell,  $1 .50  per  word.  No  minimum!  DISPLAY  CLASSIFIED:  1  "  by  1  column  (2-1  /4  "  wide),  $300.  2  "  by  1  column, 
$600.00.  3  "  by  1  column,  $900.00.  Advertiser  to  supply  film  positives.  For  frequency  rates,  please  inquire.  GENERAL  INFORMATION:  Ad  copy  must  be  typewritten  or 
clearly  printed.  Payment  must  accompany  copy  except  when  ads  are  to  be  billed  on  credit  cards  —  American  Express,  Diners  Club,  Master  Charge,  VISA  (supply 
expiration  date)  —  or  when  ads  are  placed  by  accredited  advertising  agencies.  First  word  in  all  ads  set  in  caps.  All  copy  subject  to  publisher’s  approval.  All  advertisers 
using  Post  Office  Boxes  in  their  addresses  MUST  supply  publisher  with  permanent  address  and  telephone  number  before  ad  can  be  run.  Advertisements  will  not  be 
published  which  advertise  or  promote  the  use  of  devices  for  the  surreptitious  interception  of  communications.  Ads  are  not  acknowledged.  They  will  appear  in  first  issue 
to  go  to  press  after  closing  date.  Closing  Date:  1st  of  the  2nd  month  preceding  cover  date  (for  example,  March  issue  closes  January  1st).  Send  order  and  remittance  to 
Classified  Advertising,  POPULAR  ELECTRONICS,  One  Park  Avenue,  New  York,  N.Y.  10016.  For  inquiries,  contact  Linda  Lemberg  at  (212)  725-3924. 


FOR  SALE 


FREE!  Bargain  Catalog— I.C.'s,  LED's,  readouts,  fiber  optics, 
calculators  parts  &  kits,  semiconductors,  parts.  Poly  Paks, 
Box  942PE,  Lynnfield,  Mass.  01940. 

GOVERNMENT  and  industrial  surplus  receivers,  transmitters, 
sno  iperscopes,  electronic  parts,  Picture  Catalog  25  cents. 
Meshna,  Nahant,  Mass.  01908. 

LOWEST  Prices  Electronic  Parts.  Confidential  Catalog  Free. 
KNAPP,  4750  96th  St  N.,  St.  Petersburg,  FL  33708. 

ELECTRONIC  PARTS,  semiconductors,  kits.  FREE  FLYER. 
Large  catalog  $1.00  deposit.  BIGELOW  ELECTRONICS. 
Bluffton,  Ohio  45817. 

RADIO— T.V.  Tubes — 36  cents  each.  Send  for  free  catalog. 
Cornell,  4213  University,  San  Diego,  Calif.  92105. 

AMATEUR  SCIENTISTS,  Electronics  Experimenters,  Sci¬ 
ence  Fair  Students  . . .  Construction  plans  —  Complete,  in¬ 
cluding  drawings,  schematics,  parts  list  with  prices  and 
sources  . . .  Robot  Man  —  Psychedelic  shows  —  Lasers  — 
Emotion  Lie  Detector  —  Touch  Tone  Dial  —  Quadraphonic 
Adapter  —  Transistorize  Ignition  —  Burglar  Alarm  —  Sound 
Meter . . .  over  60  items  Send  50  cents  coin  {no  stamps)  for 
complete  catalog.  Techr  ^al  Writers  Group,  Box  5994,  Uni¬ 
versity  Station,  Raleigh,  <4.C.  27650. 

SOUND  SYNTHESIZER  KITS— Surf  $14.95,  Wind  $14.95, 
Wind  Chimes  $19.95,  Musical  Accessories,  many  more. 
Catalog  free.  PAIA  Electronics,  Box  J 14359,  Oklahoma  City, 
OK  73114. 

HEAR  POLICE  /FIRE  Dispatchers!  Catalog  shows  exclusive 
directories  of  "confidential"  channels,  scanners.  Send  post¬ 
age  stamp.  Communications,  Box  56- PE,  Commack,  N.Y. 
11725. 

UNSCRAMBLERS:  Fits  any  scanner  or  monitor,  easily  ad¬ 
justs  to  all  scrambled  frequencies.  Only  4  "  square  $29.95, 
fully  guaranteed.  Dealer  inquiries  welcomed.  PDQ  Elec¬ 
tronics,  Box  841,  North  Little  Rock,  Arkansas  72115. 

TELETYPE  EQUIPMENT  for  sale  for  beginners  and  exper¬ 
ienced  computer  enthusiast.  Teletype  machines,  parts, 
supplies.  Catalogue  $1.00  to:  ATLANTIC  SALES,  3730 
Nautilus  Ave.,  Brooklyn,  NY  11224.  Tel:  (212)  372-0349. 

WHOLESALE  C.B.,  Scanners,  Antennas,  Catalog  25  cents. 
Crystals:  Special  cut,  $4.95,  Monitor  $3.95.  Send  make, 
model,  frequency.  G.  Enterprises,  Box  461 P,  Clearfield,  UT 
84015. 

BUILD  AND  SAVE  TELEPHONES,  TELEVISION,  DETEC- 
TIVE,  BROADCAST  Electronics.  We  sell  construction  plans 
with  an  Engineering  Service.  Speakerphones,  Answering 
Machines,  earphones,  Phonevision,  Dialers,  Color  TV  Con¬ 
verters,  VTR,  Games,  $25  TV  Camera,  Electron  Microscope, 
Special  Effects  Generator,  Time  Base  Corrector,  Chroma 
Key.  Engineering  Courses  in  Telephone,  Integrated  Circuits, 
Detective  Electronics.  PLUS  MUCH  MORE.  NEW  Super 
Hobby  Catalog  PLUS  year’s  subscription  to  Electronic  News 
Letter,  $1.00,  Don  Britton  Enterprises,  6200  Wilshire  Blvd., 
Los  Angeles,  Calif.  90048. 

NAME  BRAND  Test  Equipment.  Up  to  50%  discount.  Free 
catalog.  Salen  Electronics,  Box  82,  Skokie,  Illinois  60076. 

SURPLUS  COMPONENTS,  Communication  and  test  equip¬ 
ment.  Illustrated  catalog  25  cents.  E.  French,  P.O.  Box  249, 
Aurora,  Illinois  60505. 

WEATHER  MAP  RECORDERS:  Copy  Satellite  Photo- 
graphs,  National-Local  Weather  Maps.  Learn  How! 
$1.00.  Atlantic  Sales,  3730  Nautilus  Ave.,  Brooklyn, 
N.Y.  11224.  Tel:  (212)  372-0349. 

NAME  BRAND  TEST  EQUIPMENT  at  discount  prices.  72 
page  catalogue  free.  Write:  Dept.  PE,  North  American  Elec¬ 
tronics,  1468  West  25th  Street,  Cleveland,  OH  44113. 


UNSCRAMBLERS  FOR  any  scanner.  Several  models  avail¬ 
able.  Free  literature.  Capri  Electronics,  8753T  Windom.  St. 
Louis,  MO  63114. 

RADIO  SHACK  Authorized  Sales  Center  Special  10%  sav¬ 
ings  on  catalog  prices  including  TRS-80.  Free  delivery  on 
orders  over  $50.00.  1117  Conway,  Mission,  TX  78572. 

UNSCRAMBLER  KIT,  Tunes  all  scramble  frequencies,  may 
be  built-in  most  scanners,  2-3/4  x  2-1  /4  X  1 12.  $19.95.  Factory 
built  Code-Breaker.  $29.95.  Free  Catalog:  KRYSTAL  KITS, 
Box  445,  Bentonville,  Ark.  72712.  (501)  273-5340. 


the  great  electronic; 

THINGS  &  IDEAS  BOOK^ 


_  HUNOREDS OF 

UNUSUAL  PARTS,  GADGETS  &  IDEA  ITEMS,  UNAVAILABLE  IN 
STORES  OR  CATALOGS  ANYWHERE!  Bargain  prices  on  everything! 
New  items  in  every  issue1  Rush  postcard  tor  your  copy! 


ELECTRONICS  Dept.  035, 
North  Country  Shopping  Ctr., 
Plattshburgh,  N.Y.  12901. 


B&K  Test  Equipment.  Free  catalog.  Free  Shipping.  Dinosaur 
discounts.  Spacetron-AR,  948  Prospect,  Elmhurst,  IL  60126. 


SURPLUS  ELECTRONICS 


ATTENTION  HOBBYISTS  —  SEND  FOR 
YOUR  FREE  CATALOG 

Great  buys  in  tape  drives,  keyboards,  power 
supplies,  and  transformers.  We  also  have  heat 
sinks,  steel  cabinets,  I;  O  terminals,  video  dis 
plays,  printers,  and  equipment  cases,  And  of 
course  components,  fans,  wire,  and  cable.  Write 

novw  to  130  Northeastern  Blvd. 

Worldwide  Electronics  Nashua,  N.H.  03060 


BUILD  THE  ARTISAN  ELECTRONIC  ORGAN  ...  The  20th 
century  successor  to  the  classic  pipe  organ.  Kits  feature  mod¬ 
ular  construction,  with  logic  controlled  stops  and  RAM  Pre-Set 
Memory  System.  Be  an  ar-ti-san.  Write  for  our  free  brochure. 
AQK  Manufacturing,  Inc.,  Box  445,  Kenmore,  WA  98028. 


WRITE  US  AND  WE'LL  SEND 
YOU  THE  BEST  CATALOG 
YOU  EVER  READ! 


No  kidding.  Speakerlab's  catalog  took  longer  to 
write  than  some  of  our  competitors  have  been  in 
business.  In  fact,  we  created  an  industry  by 

"building  great  kits  so  you  can  afford 
v  great  speakers.”  Our  catalog  is  an 
invaluable  manual  of  speaker 
t  function  and  design.  And, 
it  will  introduce  you  to 
;  the  finest  speaker  kits  made 
anywhere... with  the  strongest 
money-back  guarantee.  Find  out 
for  yourself... FREE.  FREE, 
that  is.  Write  now.  Right  now. 


THE  BEST  CB  ANTENNA 

SEND  FOR  FREE  |PAL|  FULL  LINE 
CATALOG  AND  DECAL 

|  BAL  |  Antenna  Corp. 

2614  EAST  ADAMS  *  PHOENIX.  ARIZONA  85034 


POLICE/FIRE  SCANNERS,  crystals,  antennas,  CBs,  Radar 
Detectors.  HPR,  Box  19224,  Denver,  CO  80219. 


CB  RADIOS,  VHF-UHF  Scanners,  Crystal,  Antennas,  Radar 
Detectors.  Wholesale.  Southland,  Box  3591,  Baytown,  TX 
77520. 


BARGAINS  GALORE!  Buy-sell-trade  classifieds  in  “Elec¬ 
tronics  Trader”  only  10^  word!  Send  $2.00  for  next  four  is¬ 
sues.  Electronics  Trader,  Darwin,  CA  93522. 


TRANSISTORS  FOR  C-B  Repair,  IC’s  and  diodes  TV  audio 
repairs  2SC756A  —  $2.40,  2SC1306  —  $2.95,  2SC1307  — 
$3.85,  PLLOZAG  —  $7.50,  AN239  —  $5.50,  STK439  — 
$8.95.  Many  more.  FREE  Catalog  and  transistor.  B&D  Enter¬ 
prises,  Box  32,  Mt.  Jewett,  PA  16740. 

CIRCUIT  BOARDS  from  production-ready  artwork. 
Free  details.  QUANTITY  discounts.  CM  CIRCUITS,  22 
Maple  Ave.,  Lackawanna,  NY  14218. 

UNSCRAMBLE  CODED  MESSAGES  from  Police,  Fire 
and  Medical  Channels.  Same  day  service.  Satisfac¬ 
tion  guaranteed.  Don  Nobles  Electronics,  Inc.,  Rt.  7, 
Box  265B,  Hot  Springs,  Arkansas  71901.  (501) 
623-6027. _ 

MONTHLY  PICTURE  FLYER.  Quality  Surplus  Electronic 
parts.  Low  Prices.  Star-Tronics,  Box  683,  McMinnville,  OR 
97128. 


PRINTED  CIRCUIT  supplies,  chemicals,  tools,  artwork,  plat¬ 
ing  solutions.  Major  credit  cards.  Catalog  $1.00,  refundable. 
CIRCOLEX,  Box  198,  Marcy,  NY  13403. 


RECONDITIONED  TEST  EQUIPMENT  $1.00  for  catalog. 
WALTER'S  TEST  EQUIPMENT,  2697  Nickel,  San  Pablo,  CA 
94806,  (415)  758-1050. 


PDP-8  MINICOMPUTER  with  8K  memory  in  excellent  condi¬ 
tion.  3  extra  4K  memory  panels  (condition:  2  good,  1  un¬ 
known).  1  Spare  core  stack  (excellent  condition).  2  model 
33ASR  teletypes  (fair  condition).  Supplies,  manuals,  pro¬ 
grams,  prints,  power  supplies,  cables  &  hundreds  of  spare 
boards.  David  A.  Bader,  15  Longwood  Circle,  Bath,  PA  18014. 

20  WATT  OP  AMP!!!  Genuine  integrated  circuit  op  amp  deliv¬ 
ers  20  watts  into  4  ohms,  10  watts  into  8  ohms.  Internal  cur¬ 
rent  limiting  and  thermal  shutdown.  Package  uses  11  inline 
pins,  and  has  flat  metal  surface  lor  mounting  to  heat  sink. 
$9.00  each,  ppd.  Data  and  applications  sheet  included. 
GEOFFREY  SOUND  LABS,  Dept.  OA,  24  N.  Wabash,  Room 
#823,  Chicago,  IL  60602. 


HAVE  YOU  GOTTEN  one  of  Don  Lancaster’s  INCREDIBLE 
SECRET  MONEY  MACHINES  yet?  $6.95  postpaid.  Synerget¬ 
ics,  PE-7  Box  1112,  Parker,  AZ  85344.  VISA  accepted. 

SAN  KEN  50  WATT  Power  Amp  Chip:  $19.95;  transformer  60 
Hz  1 17v.  PRI.  50  v  sec  (rms)  2.5  amps.  cont.  (rms):  $4.00; 
speaker  10  ounce  ceramic  tweeter,  4  Vi  "cone,  250  HMS: 
$3.00  new  and  $2.00  slightly  used;  capacitors,  200v,  .022  mf: 
$8.00  per  100;  .33  mf:  $15.00  per  100;  .39  mf:  $15.00  per  1 00, 
1.0  mf:  $30.00  per  100,  200  mf  6.3v:  $10.00  per  100;  .0062 
10%  600v  disk  ceramic  temperature  stable:  $5.00  per  100.  All 
prepaid.  Prairie  Sounds,  Box  982,  Champaign,  IL  61820. 

PRINTED  CIRCUIT  BOARDS  from  your  camera  ready 
artwork,  positive,  negative,  or  magazine  art.  Reasonable. 
Free  details.  Richard  Allran,  Box  974,  Waynesville,  NC  28786. 

ELECTRONIC  PARTS,  Tubes,  Semiconductors,  Phonograph 
Needles,  FREE  CATALOG.  Rey  Enterprises,  Box  1539, 
Hialeah,  FL  33011. 


CHEMICALS,  Lab  Supplies.  Lowest  prices,  fastest  service 
anywhere.  Listing  25  £  Westech  Corp.,  Box  593,  Logan,  Utah 
84321. 


NEW  ELECTRONIC  PARTS.  Continously  stocked.  Stamp 
brings  catalog.  Daytapro  Electronics,  3029  Wilshire  Ln„  Ar¬ 
lington  Hts.,  IL  60004. 
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LOW,  LOW  Component  Prices!  Ask  for  free  flyer.  Write:  EEP, 
11  Revere  Place,  Tappan,  NY  10983. 

NEGATIVE  ION  GENERATORS  AND  ACCESSORIES  (As- 
sembledKits).  Fascinating  Details— $1.00.  Golden  Enter¬ 
prises,  Box  1282-PE,  Glendale,  Arizona  85311. 


CARBON  FILM  RESISTORS  1  /4W.  1 J2W  -  1 .7  cents  each. 
Free  sample  /  specifications.  Other  components.  COMPO¬ 
NENTS  CENTER,  Box  295,  W.  Islip,  New  York  11795. 


Powerful  Wireless  Mic  , 

10  times  more  powerful  than  other  mics. 

Transmits  up  to  ' h  mile  to  any  FM  radio. 

Easy  to  assemble  kit.  15V  battery  (not  incl.) 

Call  (305)  725-1000  or  tend  $18.96  ♦  $1.00 
shipping  to  USi  Corp,  P.O.  Box  PE-2052, 

Melbourne,  FL  32901.  COD'e  accept  For 

catalog  of  transmitters,  voice  scramblers 
and  other  specialty  items,  enclose  S2.00  to  USI  Corp. 


sire  2'xJ’iVj 

$18.95 

Qiv  Oise  Avail 


TEKTRONIX  575  CURVE  TRACER,  $495;  Tektronix 
RM561A  Scopes,  $200  ea;  General  Radio  650A  Bridge  $100. 
Other  items  available.  Serious  inquiry  please.  Ball,  2135 
Feather  Rd.p  Vinton,  VA  24179. 

RENT,  LEASE,  SELL  TVS!  Guaranteed  complete  system 
$15.00.  Perrys’  Rental  Systems,  Box  1407,  Santa  Maria,  CA 


TV-OSCILLOSCOPE  CONVERTER  externally  adapts  TV  into 
audio  frequency  oscilloscope.  Info.  $1.00,  Plans  $5.00.  with 
P.C.  $12.00.  Evolutionics,  Box  855-E,  San  Rafael,  CA  94902. 

PROJECTION  TV  . . .  Convert  your  TV  to  project  7  Foot  pic¬ 
ture.  Results  equal  to  $2,500  projector.  Total  cost  less  than 
$20.00.  PLANS  &  LENS  $16.00.  Illustrated  info.  FREE:  Mac- 
rocomcc,  Washington  Crossing,  PA  18977. 

FREQUENCY  COUNTERS  50  MHZ  $59.95,  500  MHZ 
$79.95,  Flashing  LED's  $1.00,  Digital  clocks  $12.95.  Lec- 
tronix,  Box  42,  Madison  Heights,  Michigan  48071 . 

PRINTED  CIRCUIT  Boards  from  sketch  or  artwork.  Kit  pro¬ 
jects.  Free  details.  DANOCI  Inc.,  Box  261,  Westland,  Ml 
48185. 

DIGITAL  TACHOMETER  for  automobiles.  Works  with  stan¬ 
dard  and  electrical  ignition  systems.  Plans  $2.00.  David 
Marecek,  1904  Paige  Place  N.E.,  Albuq.,  N.  Mex.  87112. 

FM  STEREO  TRANSMITTER  —  Broadcast  in  STEREO  to 
any  FM  receiver.  Plans  —$3.50,  Kits  —  $19.50,  Assembled 
—  $24.50.  Advanced  Technical  Products,  Box  2292,  Iowa 
City,  Iowa  52240. 

DOLBY  ADD-ON  ENCODES  DECODES  RECORDINGS, 
FM.  Quality  components,  complete  kit.  Calibration  tapes. 
Comprehensive  test  report.  PEM  INTEGREX,  Box  747, 
Havertown,  PA.  19083. 


FOR  THE  DO-IT-YOURSELFER 

NOW!  a  high  quality  CD  ELECTRONIC 
IGNITION  SYSTEM  in  kit  form. 

Contains  all  components  and  solder  to 
build  complete  Solid-State  Electronic  CD 
Ignition  System  for  your  car.  Assembly 
requires  less  than  3  hours. 

•  Increases  MPG  15%  •  Eliminates  4  or  5  tune-ups 

•  Increases  horsepower  15%  •  Instant  starting,  any 

•  Plugs  and  Points  last  weather 

50,000  miles  *  Dual  system  switch 

Fits  only  12  volt  neg,  ground,.. 

Only  $26.95  postpaid 

“ TrTStar  Corporation 

P.O.  Box  1727  Grand  Junction,  Colorado  81501 


BUILD  YOUR  OWN 
SYMPHONY 
OF  SOUND! 

Its  fun  and  easy  — takes  just  min¬ 
utes  a  day!  Complete  kits  for 
organs,  pianos,  strings,  rhythms, 
amplifiers,  synthesizers.  Also 
factory  assembled.  104-page 
catalog  $2.00 

ODIUERSI 

Were!  Electronics,  Inc. 
Dept.  ZD,  1720  Hempstead  Road 
Lancaster,  PA  17601 


CBJHAM  HIGH  GAIN  ANTENNAS.  Modulation  boosting 
VOX-COMPRESSOR.  Portable  300MHz  COUNTER  with 
memory!  Plans  $3.00  ea.  $7.50  fail  Many  others,  catalog  with 
order,  PANAXIS,  Box  130-A3,  Paradise,  CA  95969. 


types,  Regular,  Keyed,  Modular,  Catalog  50  cents. 
Box  1147E,  San  Diego,  California  92112. _ 

ALARMS 


QUALITY  BURGLAR-FIRE  ALARM  EQUIPMENT  at  discount 
prices.  Free  Catalog!  Steffens,  Box  624K,  Cranford,  N.J. 
07016. 


Burglar  -  Fire  •  Smoke 
Alarm  Catalog 


Billions  of  dollars  lost  annually  due 
to  lack  of  protective  warning  alarms. 

FREE  CATALOG  Shows  you  how  to 
protect  your  home,  business 
and  person.  Wholesale 
prices.  Do-it-yourself.  Free 
engineering  service. 

I  Box  82802  pe-039  Lincoln,  Ne.  68501 1 


PROFESSIONAL  ALARM  SYSTEMS  and  supplies  at 
wholesale  prices.  FREE  CATALOG.  CAPCO,  Box  5980- 
CPE3,  Incline  Village,  Nevada  89450. 


MUSICAL  INSTRUMENTS 


UP  TO  60%  DISCOUNT.  Name  brand  instruments  catalog. 
Freeport  Music,  114  G,  Mahan  St.,  W.  Babylon,  N.Y.  11704. 


HIGH  FIDELITY 


DIAMOND  NEEDLES  and  Stereo  Cartridges  at  Discount 
prices  for  Shure,  Pickering,  Stanton,  Empire,  Grado  and  ADC. 
Send  for  free  catalog.  LYLE  CARTRIDGES,  Dept.  P,  Box  69, 
Kensington  Station,  Brooklyn,  New  York  1 1218.  For  Fast  Ser¬ 
vice  call  Toll  Free  800-221-0906. 


HEAR  YOUR  TV  in  simulated  stereo.  Movie  theatre  sound 
realism.  Free  details.  Triangle  Electronics,  Box  377X,  Merrick, 
N.Y.  11566. 


WANTED 


GOLD,  Silver,  Platinum,  Mercury,  Tantalum  wanted.  Highest 
prices  paid  by  refinery.  Ores  assayed.  Free  circular.  Mercury 
Terminal,  Norwood,  MA  02062. 


WANTED !CB  DEALERS 
AND  DISTRIBUTORS 

R^L  |  Antenna  Corp. 

2614  EAST  ADAMS  *  PHOENIX.  ARIZONA  85034 


TUBES 


RADIO  &  T.V.  Tubes— 36  cents  each.  Send  for  free  Catalog. 
Cornell,  4213  University,  San  Diego.  Calif.  92105. 

TUBES:  “Oldies",  Latest.  Supplies,  components,  schematics. 
Catalog  Free  (stamp  appreciated).  Steinmetz,  7519-PE  Ma¬ 
plewood,  Hammond,  Ind.  46324. 

TUBES-RECEIVING,  Industrial  and  Semiconductors  Factory 
Boxed.  Free  price  sheet  including  TV,  Radio  and  audio  parts 
list.  Transleteronic,  Inc.,  1365  39th  St.,  Brooklyn,  New  York 
11218.  Telephone:  (212)  633-2800.  Toll  free:  800-221-5802. 

RADIO  AND  TV  TUBES  1938  to  1978  $1.00  ea.  PRELLER 
TV,  Augusta,  AR  72006.  (501)  347-2281. 

TUBES  29 e up,  no  minimum  order  necessary.  Also  have  ob- 
soletes.  Free  list.  Conelco,  Box  632,  Trona,  CA  93562. 


GOVERNMENT  SURPLUS 


MANUALS  for  Govt  Surplus  radios,  test  sets,  scopes.  List  50 
cents  (coin).  Books,  7218  Roanne  Drive,  Washington,  D.C. 
20021. 


JEEPS— $59.30!  —  CARS— $33.50!  —  200,000  ITEMS!  — 
GOVERNMENT  SURPLUS  —  Most  COMPREHENSIVE  DI¬ 
RECTORY  AVAILABLE  tells  how,  where  to  buy  —  YOUR 
AREA  —  $2.00  —  MONEYBACK  GUARANTEE  —  Govern¬ 
ment  Information  Services,  Department  GE-55,  Box  99249, 
San  Francisco,  California  94109  {433  California). 

GOVERNMENT  SURPLUS.  Buy  in  your  Area.  How,  where. 
Send  $2.00.  Surplus,  30177-PE  Headquarters  Building, 
Washington,  D.C.  20014. 

“GOVERNMENT  SURPLUS  DIRECTORY.”  Buy  250,000 
items  (including  Jeeps) . . .  low  as  2  eon  dollar!  Most  complete 
information  available  —  $2.00.  Surplus  Disposal,  Box 
19107-HC,  Washington.  DC  20036. 


PERSONALS 


MAKE  FRIENDS  WORLDWIDE  through  international  corre¬ 
spondence,  illustrated  brochure  free.  Hermes-Verlag.  Box 
11 0660  £,  D-1000  Berlin  11,  Germany. 


INSTRUCTION 


SCORE  high  on  F.C.C.  Exams  . . .  Over  300  questions  and 
answers.  Covers  3rd,  2nd,  1st  and  even  Radar.  Third  and 
Second  Test,  $14.50;  First  Class  Test,  $15.00.  All  tests. 
$26.50.  R.E.I.,  Inc.,  Box  806,  Sarasota,  Fla.  33577. 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors.  Mas¬ 
ters,  Ph.D’s.  Free  revealing  details.  Counseling,  Box 
317-PE03,  Tustin,  California  92680. 

LEARN  WHILE  ASLEEP!  HYPNOTIZE!  Astonishing  details, 
strange  catalog  free!  Autosuggestion.  Box  24-ZD,  Olympia, 
Washington  98507. 

1979  “TESTS  -  ANSWERS"  for  FCC  First  Class 
License.  Plus  -  “Self  Study  Ability  Test."  Proven! 
$9.95  Unconditional  Moneyback  Guarantee.  Com¬ 
mand  Productions,  Box  26348-P,  San  Francisco,  CA 
94126.  _ 

MATHEMATICS.  ELECTRONICS.  Advanced  mathemat¬ 
ics.  Engineering  mathematics.  Digital  Technology. 
Free  catalog.  IHSI,  Box  1189,  Panama  City,  FL 
32401. 
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INTENSIVE  5  week  course  for  Broadcast  Engineers.  FCC 
First  Class  license.  Student  rooms  at  the  school.  Radio  En¬ 
gineering  Inc.,  61  N.  Pineapple  Ave.,  Sarasota,  FL  33577  and 
2402  Tidewater  Trail,  Fredericksburg,  VA  22401. 

BROADCAST  STATION:  Start  your  own.  Home,  school, 
church,  business  operation.  Get  free  equipment,  records.  De¬ 
tails  free.  “Broadcasting",  Box  130-A3,  Paradise,  CA  95969. 

PASS  FCC  EXAMINATIONS  —  1st  -  2nd  -  3rd  -Radar.  Prov- 
en  method  by  Victor  Veley,  noted  author-teacher.  Part  I, 
Workbook  consisting  of  hundreds  of  problems  with  complete 
solutions.  Part  II,  Question  and  Answer  Manual  has  hundreds 
of  practice  questions.  Complete  course  —  Both  Manuals, 
$14.95  postpaid.  Oeffinger  Publishing,  Box  1240,  Garden 
Grove,  Calif.  92642. 


MAGNETS 


MAGNETS.  All  types.  Specials-20  disc,  or  10  bar,  or  2  stick  or 
8  assorted  magnets.  $1.00.  Magnets,  Box  192-H,  Ran- 
dallstown,  Maryland  21133. 


FOR  INVENTORS 


PATENT  AND  DEVELOP  Your  invention.  Registered  Patent 
Agent  and  Licensed  Professional  Engineer,  Send  for  FREE 
PATENT  INFORMATION  every  inventor  should  have. 
Richard  L.  Miller,  P.E.,  3612  Woolworth  Building,  New  York, 
NY  10007.  (212)  267-5252. 

HAVE  YOU  AN  INVENTION?  We  evaluate,  develop, 
improve  and  market  meritorious  inventions  and 
ideas.  For  free  brochure  write,  call:  Inventors  Guild, 
P.0.  Box  41 1,  Fort  Washington,  PA  19034.  (215) 
233-5252. 


PRINTING 


START  YOUR  business  without  cash  or  credit.  Free  details. 
Limited  time  offer.  Box  16428,  San  Diego,  CA  92116. 

EMPLOYMENT  OPPORTUNITIES 


ELECTRONICS /AVIONICS  EMPLOYMENT  OPPOR¬ 
TUNITIES.  Report  on  jobs  now  open.  Details  FREE.  Aviation 
Employment  Information  Service,  Box  240E,  Northport,  New 
York  11768. _ _ 

INSTANT  CASH  COMMISSIONS  Full  or  part  time.  Free 
sales  kit  features  America's  largest  line  low  priced 
Business,  Printing,  Advertising  Specialties,  Signs, 
Calendars  and  other  necessities  used  daily  by 
business  people.  Profitable  repeat  order.  No  experi¬ 
ence.  No  investment.  No  collections  or  deliveries. 
Write  today.  National  Press,  Dept.  908,  North 
Chicago,  IL  60064. _ 

RADIO-TV  JOBS  . . .  Stations  hiring  nationwide!  Free  details: 
“Job  Leads",  1680-PG  Vine,  Hollywood,  CA  90028. 

MAJOR  NY  publisher  has  IMMEDIATE  opening  for  freelance 
acquiring  editor  ELECTRONIC  handbooks,  troubleshooting 
manuals,  texts.  Qualified  candidate  should  have  successful 
publishing  record,  good  leads  to  other  tech  writers,  heavy 
publication /topy  editing  experience.  Resume:  Box  203, 
POPULAR  ELECTRONICS,  Classified,  1  Park  Ave.,  N.Y., 
N.Y.  10016. 


REAL  ESTATE 


BIG  FREE  . . .  SPRING  CATALOG!  Over  2,600  top  values 
coast  to  coast!!  UNITED  FARM  AGENCY,  812-EP,  West 
47th,  Kansas  City,  MO  64112. 


RUBBER  STAMPS 


FREE  book  prophet  Elijah  coming  before  Christ.  Wonderful 
bible  evidence.  MEGIDDO  Mission,  Dept.  64,  481  Thurston 
Rd.,  Rochester,  N.Y.  14619. 


DO-IT-YOURSELF 


MODULAR  TELEPHONES  now  available.  Sets  and  compo¬ 
nents,  compatible  with  Western  Electric  concept.  Catalog  50 
cents.  Box  1147W,  San  Diego,  California  92112. _ 

AUDIO /ANALOG /SYNTHESIS.  Plans,  parts,  kits,  etc.  for  the 
most  exciting  sound  projects  ever.  Get  on  our  mailing  list, 
send  25  0  to:  CFR  Associates  Inc.,  Newton,  N.H.  03858. 

COMPLETE  LINE  Security  Systems  for  home,  Busi¬ 
ness.  Send  self  addressed,  stamped  envelope.  Dar- 
bar,  Box  1147E,  San  Diego,  CA  92112. _ 

MOTION  PICTURE  FILMS 


IN  MARCH,  IT'S  SPORTLITE  FOR  MAIL  ORDER  FILM  VAL¬ 
UES!  Order  new  Columbia  Pictures  S8  400 '  color  sound  fea¬ 
tures:  Charles  Bronson  " Breakout;"  Peter  Falk  “Machine  Gun 
McCain;"  More  From  Emmanuelle;  Sean  Connery  “The  An¬ 
derson  Tapes;"  Walter  Matthau  "Fail  Safe;"  and  Brian's  Song 
—  Football  —  extra  long.  $47.95  ea  +  $1.00  for  shipping. 
Columbia  Pictures  price  $54.95  ea  (you  save  $5.  on  every  film 
you  buy).  Tear  out  this  ad  &  mail  order  today!  Auto  sports  film 
specials:  1977  Indy  “500",  A.J.  Foyt's  “Glorious  Fourth”  S8 
color  $17. 95  ea  +  90  0  shipping.  Al  Unser’s  1st,  70  Indy  "500" 
200’  S8,  $15.95  ea  +  90  0  shipping.  Penny  Pinchers:  Dar¬ 
lington  "500"  40’s  Action.  200'  St  8  color,  $8.95  ea  (sells  for 
$3.  less  than  Columbia  or  Universal  S8  B/W).  Call  action  line: 
(312)  236-8955.  Universal  64-pg  catalog  $1.10  (foreign 
$2.20).  Columbia,  Sportlite,  Universal,  Ring  Classics  order 
forms  4O0ea  with  flyers.  SPORTLITE  FILMS,  Elect-3 /79,  Box 
24-500,  Speedway,  IN  46224. 


QUALITY—  PRINTING.  Good  prices,  prompt  service.  Free 
catalog.  Deep  South,  Dept.  E-3,  Clinton,  Mississippi  39056. 


BUSINESS  OPPORTUNITIES 


RUBBER  STAMPS,  BUSINESS  CARDS.  Many  new  prod¬ 
ucts.  Catalog.  Jackson's,  E-100,  Brownsville  Rd.,  Mt.  Vernon, 
III.  62864. 


BOOKS  AND  MAGAZINES 


HYPNOTISM 


FREE  Hypnotism.  Self-Hypnosis.  Sleep  Learning  Catalog! 
Drawer  H400,  Ruidoso,  New  Mexico  88345. 


I  MADE  $40,000.00  Year  by  Mailorder!  Helped  others  make 
money!  Torrey,  Box  318-NN,  Ypsilanti,  Michigan  48197. 

FREE  CATALOGS.  Repair  air  conditioning,  refrigeration. 
Tools,  supplies,  full  instructions.  Doolin,  2016  Canton,  Dallas, 
Texas  75201. 


NEW  LUXURY  Car  Without  Cost.  Free  Details!  Codex-ZZ, 
Box  6073,  Toledo,  Ohio  43614. 

GET  RICH!!!  Secret  law  erases  debts.  Free  report  exposes 
millionaire'$$  secrets.  Blueprints,  No,  EES,  453  W.  256,  NYC 
10471. 


MECHANICALLY  INCLINED  individuals  desiring  ownership 
of  Small  Electronics  Manufacturing  Business  —  without  In¬ 
vestment.  Write:  BUSINESSES,  92-K2  Brighton  11th,  Brook¬ 
lyn,  New  York  11235. 

MILLIONS  in  Mail!!!  Free  Secrets.  Transworld- 17,  Box  6226, 
Toledo,  OH  43614. 


MECHAMCAILY  INCLINED  INDIVIDUALS 


Assemble  electronic  devices  in  your  home.  Get 
started  in  spare  time.  Experience,  Knowledge  or 
Investment  Not  Necessary.  Expect  big  profits: 
$300  -  $600/Wk.  Possible.  Write  for  free  literature 
telling  how. _  _ 


ELECTRONIC  DEVELOPMENT  LAB 

BOX  1560PE,  Pinellas  Park,  FL  33565 


EARN  $1,000  MONTHLY  sparetime,  homework,  "Guaran¬ 
teed."  Free  details,  Write:  UNICORN,  ZD3.1140  Chelton, 
Colorado  Springs,  CO  80910. 

VINYL'S  WHERE  THE  MONEY  IS  I  Professionally  repair,  re- 
finish,  recolor  furniture,  luggage,  car  tops,  Quick,  easy.  Two 
small  $20  jobs  a  day  earn  you  $1 ,000  a  month.  Homes,  cars, 
offices,  restaurants,  unlimited  customers.  Start  earning  after  a 
few  days  practice.  Sensational  details  Free.  VIP,  2012  Mon¬ 
trose,  Chicago  60618. 

BORROW  $25,000  "OVERNIGHT."  Any  purpose.  Keep  in- 
definitely!  Free  Report!  Success  Research,  Box  29263  GC, 
Indianapolis,  Indiana  46229. 

$1200.00  MONTHLY  Correcting  Pupils'  Lessons!!!  Start  Im¬ 
mediately.  Free  Report.  Send  self-addressed  stamped  en¬ 
velope.  Home,  Box  98201-SJX,  San  Diego,  CA  92109. 

ADVERTISING  BUSINESS  —  You  own  it!  $400  first  week  or 
money  back.  Write:  Action  Ad  Clock,  Room  AC-376-IC,  1512 
Jarvis,  Chicago,  IL  60626. 


POPULAR  ELECTRONICS  INDEXES  For  1977  now  avail¬ 
able.  Prepared  in  cooperation  with  the  Editors  of  “P;E,"  this 
index  contains  hundreds  of  references  to  product  tests,  con¬ 
struction  projects,  circuit  tips  and  theory  and  is  an  essential 
companion  to  your  magazine  collection.  1977  Edition,  $1.50 
per  copy.  All  editions  from  1 972  onward  still  available  at  the 
same  price.  Add  $.25  per  order  for  postage  and  handling.  $.50 
per  copy,  foreign  orders.  INDEX,  6195  Deer  Path,  Manassas, 
Va.  22110. 


MISCELLANEOUS 


MPG  INCREASED!  Bypass  Pollution  Devices  easily.  RE¬ 
VERSIBLY!!  Free  details  —  Posco  GEES,  453  W.  256,  NYC 
10471. 


CORVAIR  PARTS  —  4500  different  parts  stocked.  Gtant 
Catalog  $3.00.  Clark's  Corvair  Parts  Inc.,  Shelburne  Falls,  MA 
01370. 


CLASSIFIED  ADVERTISING  ORDER  FORM 
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4  Ancrona  Corp . 108 
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PLANNING  TO 


1? 


Let  us  know  8  weeks  In  advance  so  that  you 
won't  miss  a  single  issue  of  POPULAR 
ELECTRONICS. 

Attach  old  label  where  indicated  and  print 
new  address  in  space  provided.  Also  include 
your  mailing  label  whenever  you  write  con¬ 
cerning  your  subscription.  It  helps  us  serve 
you  promptly. 

Write  to:  P.O.  Box  2774,  Boulder,  CO  80322 
giving  the  following  information: 

□  Change  address  only  □  Extend  my  subscription 

ENTER  NEW  SUBSCRIPTION 

□  1  year  $13.00  □  Payment  enclosed 

Allow  30-60  days  for  (1  extra  BONUS  issue) 
delivery.  Q  BM|  me  |ater 


r— AFFIX  0L0  LABEL- _ _ 

<  ifyouliave  no  label  handy,  print  OLD  address  here.  , 

l  - - - - - - *  L 


\  Name - 

Address- 

r 

l  city- - - 

I  State — 


please  print 


NEW  ADDRESS  HERE  0384 


please  print 


State - Zip _ 

Additional  postage  on  foreign  orders:  add  $3  a  year  for  Canada.  $5 
a  year  for  all  other  countries  outside  the  U.S.  and  its  possessions. 
Cash  only  on  foreign  orders,  payable  in  U.S.  currency. 
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CB-735 

Built-In  Volume  Control 
5000  Ohms  Impedance 
5'  Coiled  Cord  W/6-Pin  DIN 
Plug  •Shpg.  wt.  2  lbs. 


•For  Accurate  Tuning  oi  CB 
|  Antenna  -Styles  Vary 
i  -Range  2  to  30MHz  -52  Ohms 
t  Impedance  -Wt  1  lb 


AC  batteryADAPTER 


Reg. 


Sa|jHI  *For  Radios,  Recorders. 
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*For  Under-Dash  Mount¬ 
er*.  //  ina  of  CB’s.  Radios,  etc. 


■  AU-149  ^  ^ 

•  For  Under-Dash  Mount¬ 
ing  of  CB’s,  Radios,  etc. 
•Shpg.  wt.  2  lbs. 


LAPEL  MICROPHONE 

|Ms99cB 

•Hi-lmpedance  Crystal 
•3.5mm  Mini  Plug 
X®U  •Shpg.  wt.  %  lb. 


W 


10000HM?PER  VOLT TESTER 

Jffl.799  a 

"  TE-184  LIMIT  1 

•  Pocket  Size  Goes 
Anywhere 
•Wt.  3  lbs. 
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/V  -For  Alternator/Generator 

’  •Filters  Out  Unwanted  Noise  in 

C  D  C  Any  2-Way  Radio  *1  lb. 


260  S.  Forge  St.  Akron,  Ohio  44327 
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For  24  Hour  PHONE 
Service  Cali  (216)535-1800 

□  Please  send  me  a  tree  subscription 
to  Otson  Value  Packed  Catalog,  (wiwiin  the  Continental  usa  Only) 


Tax 

Postage 
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CIRCLE  NO.  39  ON  FREE  INFORMATION  CARO 


ELECTRONICS 

world  personal  Electronics  News 


Vn-]»o-disc  viewing  through  home  TV 
receivers  has  become  a  reality  with 
MCA  DiscoVision  from  Magnavox.  Back¬ 
ing  up  the  introduction  of  the  Disco- 
Vision  player r  Magna vox  has  avail¬ 
able  a  wide  range  of  video  discs. 
Included  in  the  catalog  of  listings 
and  descriptions  are  such  current 
feature  motion  pictures  as  "Jaws#1' 
"5gt,  Pepper's  Lonely  Hearts  Club 
Band/'  "American  Graffiti/'  and 
"Animal  House"  and  such  oldies  as 
"Frankenstein/1  "Dracula,"  and  the 
Marx  Brothers'  "Animal  Crackers." 
Currently  available  selections , 
numbering  more  than  200  and  inclu¬ 
ding  educational  films,  retail  for 
55.95  to  515,95. 

CBS  Toys  has  given  Cotnpucolor  Carp, 
the-  first  \ d cense" "to  produce  and 

market  a  low-cost  color  graphics 
version  of  the  popular  game 
"Othello"  for  the  Compucolor  II 
computer.  Combining  elements  of 
luck,  skill,  pat ience ,  and  logic , 
Othello  can  be  played  by  one  person 
with  Compucolor  IIj  or  two  people 
can  play  the  game  with  Cotnpucolor  II 
acting  as  a  referee  to  record 
scoring  and  disallow  illegal  moves. 

It  is  also  possible  to  pick  up  some 
playing  tips  by  watching  the 
Compucolor  II  play  itself. 


Portable  calculators  do  mar*,  than 
calculate  nowadays.  For  example, 
Casio' s  new  line  includes  one  with 


a  cigarette  lighter,  another  that 
hangs  from  a  chain  as  a  fashion 
pendant.  Sharp" s  1 79  entries 
include  a  model  with  an  AM  radio, 
and  one  with  a  world  clock  for 
international  travelers. 


Award  ucrti f rcat^s  for  S9TV  activity 
is  being  offerred  hy  Amateur  Tele¬ 
vision  Magazine .  Certificates  range 
from  Basic  award  through  several 
levels  of  difficulty  to  a  Master 
Scanner  award.  The  beginning-level 
certificate  requires  the  operator 
to  have  five  confirmed  SSTV  contacts 
on  each  of  any  five  ham  bands.  Bands 
used  for  all  levels  can  be  any  com¬ 
bination  of  the  contestant's  choos¬ 
ing.  Additional  awards  are  avail¬ 
able  for  working  increasing  numbers 
of  stations  on  increasing  numbers 
of  bands. 

A  young  people *s  satellite  network 

that  provides  nonviolent  TV  program¬ 

ming  on  a  daily  basis  has  been 
announced  by  Warner  Cable  Corp.  The 
all-day  Nickelodeon  (TMl  programming 
will  be  available  to  U.S.  cable -TV 
operators  for  distribution  to  sub¬ 
scribers  able  to  receive  programs 
beamed  by  satellite  to  earth  recei¬ 
ving  stations.  More  than  5 -mil lion 
subscribers  can  currently  receive 
such  programs,  and  the  number  is 
expected  to  double  as  more  earth 
receiving  stations  are  built. 

dolar  energy  moves  forward  with 
operation  of  the  nation's  largest 
high -temperature  solar  energy 
system  for  heating  and  cooling  at 
Honeywell  * s  General  Of  fices  in 
Minneapolis.  It  is  the  first  solar 
system  of  its  kind  to  provide  all 
of  a  major  building's  heating  and 
cooling  needs  on  sunny  days  and  was 
designed,  funded,  and  built  by 
Honeywell  for  its  new  eight-story 
office  building.  Tracking  the  sun 
and  focusing  its  energy  on  liquid- 
filled  pipes  are  252  trough-like 
collectors.  The  liquid,  which  gets 
as  hot  as  350fl  F#  is  pumped  into  an 
isolation  heat  exchanger  that  allows 
■different  fluids ,  pressures,  and 
flow  rates  to  be  used  in  the  two- 
loop  system  necessitated  by  Minne¬ 
sotans  extreme  cold  temperatures. 
Excess  heat  is  stored  underground 
in  two  13,000-gallon  tanks  until 
needed  at  night  or  when  the  sky  is 
overcast . 

In  19?8,  Zenith  Radio  Corporation 

is  celebrating  Its  60th  anniversary 

as  a  manufacturer  of  home  entertain¬ 

ment  products.  Zenith  began  in  1918 
when  two  partners  formed  the  Chicago 
Radio  Laboratory,  which  was  located 
near  the  old  Edgewater  Beach  Hotel, 

The  company  manufactured  equipment 
for  the  amateur  radio  market  under 
the  tradename  Z-Nith,  derived  from 
9ZN,  the  call  letters  of  the  amateur 
radio  station  operated  by  the 
partners . 


K/A '_s_  5|J-mi  1  1  ionth  TV  receiver  was 
produced  last  December .  The  19,r 
ColorTrak  shown  at  left  in  the  photo 
is  contrasted  with  the  company's 


first  receiver ,  a  10"  monochrome 
model  built  in  1946.  RCA  estimates 
that  the  industry  sold  a  record 
10-mil lion  color-TV  receivers  during 
1970. 

A  Junior  REACT  Program  has  been 
launched  for  young  CBers.  The  Junior 
Program  creates  a  new  membership 
category  at  the  International  level 
and  encourages  teams  not  already 
doing  so  to  consider  accepting  young 
people  as  Junior  members.  Eligibi¬ 
lity  for  the  Junior  Program  is  open 
to  youngsters  between  12  and  18  years 
old.  Junior  members  receive  their 
own  identification  card  and  a  Junior 
Division  REACT  decal. 

An  electronic  message  transmission 

system  is  being  tested  fiy  the 

Postal  Service,  it  could  be  in 
operation  in  as  little  as  three  years. 
Using  this  system#  computers  send 
messages  by  bouncing  them  off  a  sate¬ 
llite  to  the  specified  receiving 
points  on  earth.  The  message  is 
then  put  into  an  envelope  for  deli¬ 
very  in  the  next  day's  mail.  Assum¬ 
ing  the  volume  of  messages  sent  is 
sufficient  to  support  the  system, 
each  message  could  be  sent  for  as 
little  as  1Q£  or  11C,  according  to 
Postmaster  General  William  F.  iolger. 

The  "Maker  Df  The  Microphone  Award „ " 
given  annually  in  honor  of  Emile 
Berliner,  inventor  of  the  microphone 
and  disc  record,  has  been  awarded 
to  the  late  Dr.  Peter  C~  Goldmark, 
developer  of  the  fine-groove  lf  disc 
record  and  other  audio  and  video 
innovations.  Dr.  Goldmark  was  the 
fifteenth  to  receive  the  award, 
which  will  be  presented  only  25  times 
to  commemorate  the  fact  that  Emile 
Berliner  was  only  25  years  old  when 
he  invented  the  microphone.  Dr,  Gold- 
mark's  sons  accepted  the  award  for 
their  father,  who  died  in  an  auto 
accident  last  year,  from  Oliver 
Berliner,  grandson  of  Emile 
Berliner, 
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With  the  graphic  equalizer ,  you  have  a  limited  number  of 
chances  to  correct  an  infinite  number  of  potential  problems 
in  a  recording  or  listening  environment.  You’re  dealing  with 
fixed  band  widths  and  fixed  frequencies.  You  can  only  increase 
or  decrease  the  level.  When  boosting  or  cutting  frequencies, 


you  have  to  settle  for  the  nearest  one  or  two  octaves.  It’s  a 
compromise.  With  the  parametric,  yoiire  provided  an  infinite 
number  of  solutions ,  Bandwidth t  frequency  and  level  are  each 
determined  by  you.  Any  musical  problem  can  be  isolated 
and  corrected.  And  that's  what  all  the  excitements  about . 


The  graphic 

1  buv  our  oai 


reason 

to  buy  our  parametric. 


At  SAE,  the  battle  has  always  been  for  complete 
musical  control.  Control  that  would  allow  you  to 
conect  for  any  inadequacy  in  any  recording  or  listen¬ 
ing  environment. 

Now  the  battle  is  over.  You  won. 

SAE  introduces  the  180  Parametric  Equalizer. 

Actually  if  you  work  for  a  recording  studio, 
“introducing  '  would  hardly  be  appropriate.  You  d  be 
working  with  parame tries  already.  Very  simply  its  a 
matter  of  flexibility  and  r... ....... ......... 

precision.  And  very 
simply  with  the  SAE  180, 
the  flexibility  and  preci¬ 
sion  of  your  sound 
-control  are  absolutely 
limitless. 

We  should  let  the 
parametric  speak  for 
itself. 

Problem:  The  lead 
singer  is  overpowered  by 
the  back-up  group. 

Solution:  Set  Level 
control  to  +  lOdB,  Sweep 
Frequency  control  until 
the  voice  is  broughr 


I  want  control.  Send  information. 


Name _ 

Address. 
Gty _ 


_  State. 


forward.  Adjust  Bandwidth  control  to  encompass  the 
full  voice  range.  Tailor  Level  control  to  exact  voice 
presence  desired. 

How  much  does  a  machine  like  this  cost?  How 
can  I  afford  a  component  that  can  acoustically  cor¬ 
rect  a  system?  How  can  I  buy  an  electronic  box  that 
can  fix  a  listening  room  and  a  recording  at  the  same 
time? 

The  SAE  180  costs  $250?'  That’s  how. 

..... What  we  have  is  a 

small  miracle  that  is  also 
an  attainable  reality 
Imagine:  Complete, 
precise,  musical  control 
for  the  price  of  a  com¬ 
mon  graphic. 

Remember  that  word: 
Parametric.  Remember 
that  number:  180.  And 
remember  that  name: 

SAE. 


Zip  


SEND  TO:  SAE,  P  O,  Box  6027 1 . Terminal  Annex, 
Los  Angeles,  California  ^0060 
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‘Nationally  advertised 
value,  actual  retail  prices 
are  established  by 
SAE  Dealers. 
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While  our  competitors  were  listening 
to  Technics  Linear  Phase  speakers, 
we  introduced  phase  two 


When  Technics  introduced  Linear 
Phase  speakers  two  years  ago, 
we  took  the  audio  world  by 
surprise.  And  why  not.  After 
all, Technics  Linear  Phase 
speakers  were  the  First 
speakers  to  actually  show  you 
waveform  fidelity.  Not  simply 
with  tone  bursts  and  sine  waves, 
but  by  actually  comparing  the  hono  waveform, 

waveforms  of  live  musical  instruments 
to  the  output  waveforms  of  our  Linear  Phase  speakers. 

Now  with  the  3-way  SB-6060  and  4-way  SB-7070 
(shown  below),  Technics  takes  you  to  phase  two.  Because 
compared  to  our  first  Linear  Phase  speakers  both  give  you 
wider  frequency  extension,  Patter  frequency  response 
and  even  more  phase  linearity,  which  means  even  better 
waveform  fidelity. 

How  did  we  make  such  good  speakers  even  better? 

We  started  with  BASS  [Basic  Acoustic  Simulation 
System),  an  IBM  370-based  interactive  computer 
system.  With  it,  Technics  engineers  can  do  what 
they  only  dreamed  of  doing  m  the  past:  Calculate 
the  sound  pressure  and  distortion  characteristics 
of  transducers  without  physically  building  and 
measuring  aiuntless  prototypes. 

Next  we  took  these  computer-derived  drivers 
and  combined  them  with  Technics  unique 
phase-controll^g  crossover  network 
And  of  course  we  staggered  the  drivers 
to  align  their  acoustic  centers  precisely. 

It  s  easy  to  see  the  result  of  all  this 
technology.  Just  compare  the 
waveforms.  On  the  (eft  is  a  waveform 
of  a  live  piano.  On  the  right,  the  piano 
as  reproduced  by  the  SB-7070,  That  s 
waveform  fidelity. 

Listen  to  the  4-way  SB-7070  What 
you  II  hear  is  its  smooth  transition 
between  low,  midrange  and  high 
frequencies.  Then  notice  the  bass 
response.  It's  deep  and  tight.  With  much 
more  punch,  better  definition  and  even 
less  IM  distortion  than  its  predecessor. 

That  s  because  when  the  upper  boss 

All  cabinetry  is  simulated  wood. 

Technics 

Professional  Series 
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frequencies  are  handled  by  a 
separate  driver,  the  woofer 
does  a  much  better  job  at 
handling  the  lower  bass 
frequencies. 

You  II  also  hear  vocals  that 
are  smooth  and  natural 
Thats  because  the  SB-7070  s 
htgh-midrange  driver  was 
designed  with  free  edge 
construction  to  avoid  coloration  of 
the  critical  upper-midrange  frequencies. 

And  by  adding  a  new,  smaller  tweeter  with  improved 
dispersion  characteristics,  the  SB-7070  $  high-end  frequency 
response  was  extended  to  32  kHz. 

Technics  3-way  SB-6060  and  4-way  SB-7070.  For  music 
that  sounds  like  it  was  originally  played.  Live 


Piano  Waveform 
reproduced  by  SB  7070 


